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The purpose of this paper is to describe five 
patients who developed an unusual type of hepatic 
cirrhosis in the course of fibrocystic disease of the 
pancreas, and to comment on the aetiology of the 
cirrhosis. These five patients were among 116 
children who were treated for fibrocystic disease at 
the Children’s Hospital, Melbourne, during the 
period January, 1946, to January, 1953. 

While hepatic cirrhosis has been noted in children 
dying from fibrocystic disease, references are un- 
common and only one detailed record (Pugsley and 
Spence, 1949) of cirrhosis of the type observed in 
these patients has been found. 


Case Reports 

Case 1. B.D., a girl aged 9 years, was admitted to the 
Children’s Hospital in May, 1946, having been ill for 
six months with a cough, mucopurulent sputum, loose, 
semiformed, pale yellow stools, intermittent fever and 
wasting. She had been a normal full time baby and her 
progress in infancy was normal. Both parents and her 
only sister, aged 2 years, were in excellent health. At the 
age of 2 years she developed attacks of ‘looseness of 
the bowels’ during which her motions were pale, yellow 
and semiformed, and during such episodes she would be 
listless and flushed. No definite precipitating cause could 
be found for these attacks, which usually lasted one to 
two weeks and occurred three to four times a year. In 
the intervals her health and appetite were good and her 
diet well balanced. In December, 1945, she insidiously 
developed a cough which proved resistant to sulphona- 
mide treatment and shortly afterwards she started to 
expectorate blobs of yellow mucopus. Gradually she 
lost weight and became listless; her bowel motions 
became frequent, pale, semiformed and offensive. Six 
months after the cough developed she was admitted to 
hospital. 

Examination revealed a pale, sick, wasted girl with 
flushed face, slightly cyanosed lips and clubbed fingers 
and toes. The chest was barrel shaped, the percussion 
note hyper-resonant, air entry poor, and fine rales were 
heard over the entire chest. The abdomen was pro- 
tuberant, the superficial veins prominent, the liver 
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palpable three fingerbreadths below the right costal 
margin, its edge and surface feeling hard and nodular. 
The tip of the spleen was palpable. The patient’s stools 
were large, pale, of the consistency of a thick porridge 
and malodorous. Analysis showed that there was 43% 
of fat by weight in the dried faeces and 67% of this 
quantity was split fat. The Mantoux test, performed with 
0-1 ml. of 1 in 1,000 old tuberculin, and the Wassermann 
reaction were negative. The child coughed much yellow 
mucopus, from which Staphylococcus aureus was grown. 
Radiological examination revealed widespread and 
uniform mottling in the lung fields, diffuse emphysema, 
thick, heavy bronchovascular markings and enlarged, 
dense hilar shadows. The blood examination disclosed 
only a polymorphonuclear leucocytosis. Duodenal 
aspiration was not attempted as the child was too ill. 

The clinical course during the next four months until 
death on September 27, 1946, was slowly and steadily 
downhill. A persistent, distressing cough attended by 
expectoration of large quantities of mucopurulent 
sputum, an irregular temperature, cyanosis and emacia- 
tion were the prominent features. During most of this 
time the stools were bulky, pale, and foul smelling, and 
contained an excessive amount of fat. On _ several 
occasions the girl developed bronchopneumonia but only 
temporary relief followed the administration of penicillin; 
for a period of one month she had ascites which spon- 
taneously cleared. An attack of severe broncho- 
pneumonia terminated this distressing illness. 

Necropsy. The post-mortem examination revealed 
extensive suppurating bronchiectasis involving all lung 
lobes; there were many patches of bronchopneumonic 
consolidation, while the intervening pulmonary tissue 
was very emphysematous, engorged and oedematous. 
The liver was enlarged to half again the normal size, 
and the surface fissured and lobulated in a remarkable 
manner; the nodules were smooth and varied in size 
from 4 to 0-25 cm. in diameter. Microscopic sections 
showed multilobular cirrhosis with bands of fibrous 
tissue in which were inflammatory cells and bile ducts, 
separating masses of parenchyma, the cells of which were 
not arranged in a definite pattern; many of the liver cells 
were vacuolated and poorly stained. The extrahepatic 
bile ducts and gall bladder were normal. The spleen was 
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enlarged to twice the normal size and the splenic veins 
distended, but no abnormality was detected on micro- 
scopic examination. The pancreas was smaller than 
normal, soft and rather flabby on palpation; section 
showed white strands of fibrous tissue and an absence 
of the normal lobular pattern. Histological examination 
revealed a varying picture of gross fibrosis, atrophy of 
glandular tissue and dilatation of the ducts. The islet 
tissue was normal and in many places surrounded by 
masses of fat and fibrous tissue. The cardiovascular, 
alimentary, nervous, endocrine, and renal systems 
appeared normal on macroscopic examination. 

Case2. Acute and severe bronchopneumonia deriving 
from bilateral suppurating bronchiectasis was the cause 
of the urgent admission of C.S., a girl aged 10 years, to 
the Children’s Hospital on September 3, 1946, where she 
died within two hours. Her clinical record has been 
compiled from the parents’ history and the medical 
records of her family doctor and paediatrician. She was 
the only child of healthy parents and pregnancy and 
delivery had been normal. The rate of growth and physical 
and mental development in early childhood seemed fairly 
normal, but at intervals she passed large, foul-smelling 
stools, and the abdomen was a little distended. During 
August, 1942, when aged 6 years, she contracted morbilli 
and later developed bronchopneumonia, but resolution 
was slow and incomplete. However, she recovered 
sufficiently to resume school but had a persistent cough 
and was very thin. In May, 1943, another severe attack 
of pneumonia further impaired the child’s general health 
and nutritional state. Examination in August, 1943, 
revealed a thin, listless child whose weight was 36 lb. 
and whose abdomen was distended. The fingers were 
clubbed and coarse rales were heard over the anterior 
part of the right upper lung field and in the right axilla. 
Radiological examination showed coarse nodular infiltra- 
tion involving the upper half of the right 
lung field, and the axillary region of the 
left lung field, while the hilar shadows and 
bronchovascular pattern were very heavy. 
Assay of the duodenal contents showed a 
normal quantity of trypsin. 

Treatment with a high-protein, reduced- 
fat diet was instituted. During the next 
three years until death, the girl’s general 
health and physical growth were seriously 
impaired and she had a persistent and 
troublesome cough, productive of muco- 
purulent sputum. She was able to attend 
school at irregular intervals only, and two 
severe attacks of bronchopneumonia left 
her so weakened and dyspnoeic that she 
became an invalid. A sudden and severe 
exacerbation of | bronchopneumonia 
rapidly terminated this steadily progressive 
and unrelenting disease. 

Necropsy. Post-mortem examination 
revealed widespread gross suppurating 
bronchiectasis affecting all the pulmonary 
lobes, thick, creamy mucopus filling the 
bronchial tree. Subpleural abscesses, 


suppurating bronchopneumonic areas, and extensive 
emphysema and oedema were observed throughout 
both lungs. The liver was similar to that found in 
the first patient in the group and exhibited extensive 
fissuring and lobulation (Fig. 1). The gall bladder 
was small, white, fibrosed and contracted, while the 
extrahepatic bile ducts were patent. Microscopic 
examination revealed a pattern identical with that 
described for the first patient. Some of the liver 
cells showed vacuolation but otherwise were normal. 
The pancreas was small, of soft, fleshy consistency, and 
section, especially of the tail, showed it to be smooth and 
traversed by strands of fibrous tissue. Microscopic 
examination revealed extreme fibrosis, atrophy of the 
glandular tissue and dilatation of the ducts and acini to 
form cystic spaces. There was much small round cell 
reaction throughout. The islet tissue was scattered 
throughout the generally disorganized pancreatic tissue. 
The spleen was enlarged to approximately twice normal 
size but no other abnormal features were noted. The 
cardiovascular, renal, alimentary and endocrine systems 
appeared normal on macroscopic examination. 

Case 3. R.O’B., a boy aged 9 years was admitted to 
the Children’s Hospital in July, 1949, with shortness of 
breath, cyanosis, distressing cough, and general ill-health 
of some years’ duration. He was the only child of 
apparently healthy parents, and after a normal delivery 
he had failed to gain weight satisfactorily. When aged 
2 months his stools were noted to be bulky, pale and 
malodorous. He was given a high-protein, high-carbo- 
hydrate diet and then gained weight satisfactorily, but 
his stools remained bulky and offensive. At the age of 
3 years he developed pneumonia, was very ill for a period 
of four months, and thereafter had a persistent intractable 
cough. Subsequently he had frequent attacks of pneu- 
monia from which he recovered slowly. Examination 





Fic. 1.—Photograph of the liver of C.S., aged 10 years (Case 2), to show the deep clefts 
and excessive lobulation distinctive of hepatic cirrhosis in advanced fibrocysti¢ 
disease of the pancreas. 


Note the white, contracted, fibrosed gall bladder. 
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during this time showed that the abdomen was always 
distended, that his stools were pale, greasy and offensive, 
the fingers clubbed, and his general health poor. When 
he was 6 years old an assay of duodenal juice for trypsin 
resulted in a normal finding. The boy gained weight only 
slowly from a diet high in milk and meat protein but of 
reduced fat content; pancreatin therapy was maintained. 

Examination in July, 1949, showed a pale, slightly 
cyanosed, undersized child weighing 44} lb. The fingers 
and toes were clubbed, the respiratory rate was 40 per 
minute, and he had audible inspiratory and expiratory 
wheezes. The chest was barrel shaped, the percussion 
note hyper-resonant, and scattered rhonchi and rales 
were heard over the entire chest. The abdomen was 
difficult to palpate as the abdominal muscles were con- 
tracted during expiration to combat the gross pulmonary 
emphysema. The liver edge could just be felt but did not 
seem abnormal and the spleen was not palpable. His 
stools numbered two per day, were pale, semiformed, 
greasy and malodorous, and analyses of two specimens 
showed the proportion of fat in the dried stool as 40% 
by weight. Large quantities of yellow mucopus were 
expectorated, and Staphylococcus aureus, which was 
resistant to penicillin in vitro, was recovered from the 
sputum. Radiological examination of the chest showed 
uniform patchy mottling throughout both lung fields, 
extensive emphysema and heavy hilar and broncho- 
vascular shadows. The blood amino-acid curve following 
a gelatine meal showed a slowly rising curve; the fasting 
level was 5:8 mg. of amino nitrogen per 100 ml. of 
serum, and specimens of blood at half, one and a quarter, 
two and a half and five hours showed levels of 6-4, 7-2, 
8-1 and 8-3 mg. per 100 ml. respectively. Duodenal 
intubation did not yield reliable specimens because of 
technical difficulties caused by severe coughing spasms. 
From July, 1949, until his death in November, 1949, the 
boy was constantly cyanosed, very short of breath, and 
had a very distressing cough which produced large 
quantities of thick mucopus. An attack of broncho- 
pneumonia terminated this long illness. 

Necropsy. The post-mortem examination revealed 
extensive bronchiectasis involving all the pulmonary 
lobes, the bronchial tree being filled with thick mucopus. 
The lung tissue was engorged, very emphysematous and 
displayed extensive patches of bronchopneumonia. The 
liver was enlarged to half again the normal size, and was 
similar to the livers in Case 1 and Case 2, the surface being 
deeply and irregularly fissured and lobulated. Section 
showed many strands of fibrous tissue with rounded 
areas of smooth liver substance, some of which were bile 
stained. Microscopically bands of fibrous and fibro- 
cellular tissue separated masses of liver parenchyma, the 
cells of which were not arranged in a regular and uniform 
lobular architecture; many cells were vacuolated. The 
gall bladder and extrahepatic biliary ducts were normal. 
The pancreas was small and on palpation felt granular. 
Microscopically the normal gland structure was replaced 
by cellular fibrous tissue, the acini and ducts being either 


dilated, atrophied or fibrosed. Islets of Langerhans were 
Scattered throughout this cellular fibrous tissue. The 
spleen was somewhat enlarged and the Malpighian 


corpuscles prominent. The genito-urinary, alimentary, 
cardiovascular, nervous and endocrine systems were 
normal. 

Case 4. K.R., a boy, was first seen in April, 1950, 
when 9 years old. He was the second child of healthy 
parents. The first child was 11 years old and well, the 
third child died of a respiratory tract infection at the 
age of 6 weeks, and the clinical features of the illness 
suggested fibrocystic disease; the fourth child died of 
fibrocystic disease (confirmed by necropsy) at the age 
of 23 years, and the fifth child was aged | year and well. 
The mother, who was a reliable witness and was familiar 
with the clinical features of fibrocystic disease, stated 
that the boy had never been seriously ill; he had 
developed satisfactorily and his bowel motions were 
always normal. In February, 1950, he developed a cough 
which gradually became worse, was feverish, and later 
started to expectorate yellow sputum. Sulphadiazine 
therapy was not beneficial. The cough and fever per- 
sisted, the boy’s appetite remained poor, he lost weight, 
and sweated profusely. A second course of sulphadiazine 
was without effect. 

Examination in April, 1950, after an illness of eight 
weeks revealed a pale, sick, wasted boy with distended 
abdomen and clubbed fingers. The chest was barrel 
shaped and fine rales were heard over the whole of the 
chest but were more pronounced over the upper lobe 
of the right lung. Postural drainage produced thick 
yellow mucopus, culture of which yielded a profuse 
growth of Staphylococcus aureus. The liver was palpable 
two and a half fingerbreadths below the right costal 
margin, and the edge felt irregular and hard. The spleen 
was enlarged to a point one fingerbreadth below the left 
costal margin. On penicillin the boy rapidly improved; 
he ate well and gained weight; cough and sputum 
lessened and in one month he seemed well again. During 
the next three months the following observations were 
made, The stools were always formed, normal in appear- 
ance and not malodorous, but analysis on three occasions 
yielded between 40 and 46% of fat by weight of the dried 
specimen. Duodenal intubation yielded 10 ml. of a viscid, 
golden-yellow fluid, neutral in reaction and containing 25 
units of trypsin (50-100 units normal). The blood amino- 
acid curve following a gelatine meal showed a fasting level 
of 5-4 mg. of amino nitrogen per 100 ml. of serum, and 
specimens at half, one and a quarter, two and a half and 
five hours showed levels of 4:5, 5-3, 4-7 and 4-4 mg. of 
amino nitrogen per 100 ml. respectively. Radiological 
examination of the chest showed mottling in the right 
upper lung field, heavy hilar shadows and accentuated 
bronchovascular markings. These changes gradually 
cleared during a period of three months. A bronchogram 
showed a little irregular bronchiectasis in the upper lobe 
of the right lung. Haematological findings were normal 
apart from a polymorphonuclear leucocytosis. Liver 
function tests revealed no reaction with the Van den 
Bergh test, or thymol flocculation test; the thymol 
turbidity was less than | unit; alkaline phosphatase was 
determined as 10 units (King and Armstrong) and serum 
protein as 6:7 g. %, with albumin 4-8 g. and globulin 
1-9 g. %. Histological examination of the specimen 
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obtained by needle biopsy of the liver showed an excessive 
amount of dense cellular fibrous tissue while the liver 
cells revealed moderate vacuolation. No clear picture 
of a liver lobule was seen owing to the large amount of 
fibrous tissue. 

By August, 1950, the boy was very well, having gained 
28 Ib. (12-7 kg.) in weight, and was entirely free of cough 
and sputum. No abnormal physical signs were detected 
in the chest but a radiograph showed a little streakiness 
and mottling in the upper part of the right lung field, 
and the hilar shadows and bronchovascular lung pattern 
were accentuated. He remained well until September, 
1951, when he contracted a cold and started coughing 
and expectorating mucopus. He was feverish and 
developed many crepitations over the left lung anteriorly 
and posteriorly ; a radiograph of the chest showed mottling 
in both upper lung fields. The sputum yielded on culture 
a strain of Staphylococcus aureus which was sensitive to 
penicillin. Following penicillin therapy he rapidly 
improved and though at the end of three weeks his cough 
and sputum cleared, the crepitations did not finally 
disappear from the left lung until another month had 
elapsed. 

In February, 1952, he was very well and free of 
symptoms but a radiograph of the lungs showed increased 
hilar shadows and some streakiness in both upper lobes. 
The liver and spleen enlargement and finger clubbing 
were unchanged. Duodenal aspiration again yielded 
10 ml. of golden-yellow viscid fluid with a pH of 7 and 
less than 25 units of trypsin per ml. The stool, though 
still formed, contained over 40% by weight of fat in the 
dried specimen. A fresh specimen of stool emulsified 
with water failed to digest the gelatine of an x-ray film. 
When seen last in November, 1952, his condition was 
unchanged. 

This boy is one of a family with proven fibrocystic 
disease; he has cirrhosis of the liver, a recurrent staphy- 
lococcal lung infection, deficiency of trypsin in the 
duodenal juice and steatorrhoea. 


Case 5. P.A., a girl aged 11 years and 10 months, 


was admitted to the Children’s Hospital in June, 1950, 
because of a chronic troublesome cough and abnormal 
bowel motions. She was the only living child of healthy 
parents, the first baby being stillborn after a difficult 
labour. From birth she failed to gain weight satis- 
factorily, and during the second year her stools became 
large, pale, loose and offensive, and the abdomen 
distended. At the age of 18 months a diagnosis of coeliac 
disease was made and she was given a diet containing 
liberal quantities of milk and meat, and a high carbo- 
hydrate content, but little fat. Progress was slow during 
the next four years but her general health was fair. In 
her sixth year she developed pneumonia, from which she 
recovered only slowly. After this she had a persistent, 
unrelenting cough. For the age period 6 to 11 years her 
general health was fair and attacks of measles and 
pertussis, when aged 8 and 10 years respectively, were 
not troublesome. As her bowel motions were less 
frequent and appeared normal, the mother introduced 
fat into her diet. 


Examination in June, 1950, revealed a thin child \ ith 
clubbed fingers who weighed 58 Ib. and had a disten ‘ed 
abdomen. The percussion note over the chest was hy per- 
resonant and there were scattered crepitations over the 
posterior and lower part of the right side of the ciiest. 
A hard liver edge was palpable one and one-half firiger- 
breadths below the right costal margin and the sp-enic 
edge was felt three fingerbreadths below the left costal 
margin. A radiograph of the chest showed considerable 
and uniform emphysema with accentuation of the 
bronchovascular pattern. Yellow mucopurulent sputum 
yielded a profuse growth of Staphylococcus aureus on 
culture. The stools were bulky but formed and micro- 
scopically a number of specimens were found to contain 
many fat globules; several estimations of fat content 
gave values of between 46 and 56% by weight of the 
dried faeces. The fasting duodenal content was viscid, 
golden fluid, alkaline in reaction, and contained less than 
25 units of trypsin per ml. The urine was free of albumin 
and microscopically normal. The findings by haemato- 
logical examination were within normal limits, and the 
serum protein was determined as 7:6 g. per 100 ml. with 
an albumin-globulin ratio of 1:4. The liver function tests, 
including the Van den Bergh test, thymol flocculation, 
thymol turbidity and alkaline phosphatase all gave 
normal readings. 

During the next year the girl remained in fair health, 
her appetite was good, and she passed one or two rather 
large formed stools daily. However, her cough persisted 
and she produced some blobs of yellow mucopus each 
day. On several occasions she became feverish and 
suffered an exacerbation of her cough. In May, 195], 
her physical state was identical with that in June, 1950, 
with the exceptions that she had gained 7 Ib. in weight 
and that crepitations were heard over both lungs 
posteriorly. A radiograph of the chest showed changes 
similar to those previously described, but the Staphylo- 
coccus aureus isolated from the sputum was now resistant 
to both penicillin and streptomycin. The blood examina- 
tion and liver function tests again showed no departure 
from normal, and the duodenal assay showed less than 
25 units of trypsin per ml. of duodenal juice. Liver 
biopsy was carried out through a small abdominal 
incision under local anaesthesia. The surface of the liver 
was pale and very irregular, exhibiting smooth nodules 
of varying sizes up to 1 cm. in diameter. Microscopic 
section showed a well-developed multilobular portal 
cirrhosis with considerable fibrosis and regeneration of 
liver cells to form nodules. The architectural arrangement 
of liver cells was variable, some being in lobules, others 
in masses, but the individual cells seemed normal. In 
July, 1952, her general condition was unchanged. 

This child has chronic steatorrhoea, chronic generalized 
staphylococcal lung infection, very little trypsin in the 
duodenal juice-and a cirrhotic liver. 


Discussion 


In the three patients aged 9, 10 and 11 years 
respectively, in whom necropsy enabled the deter- 
mination of its character, the cirrhosis of the liver 
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was distinguished by excessive lobulation (Fig. 1). 
Deep clefts divided the lobules which were the 
tangible expression of the regenerative capacity in 
which the liver is generally conceded to excel, and 
such configuration was most conspicuous on the 
inferior surface of the viscus. The nodulation attend- 
ing the cirrhosis of the liver of the Banti complex, 
as exemplified by specimens in the Museum of 
Pathology of the Children’s Hospital, Melbourne, 
does not compare with the lobular hyperplasia 
which characterized the livers of each of the children 
under discussion. 


In their macroscopic features one liver was not 
to be distinguished from another, and uniformity 


. was maintained in their morbid histology, which was 


that of multi-lobular portal cirrhosis. Irregular 
extensive fibrosis resulted in the assumption by the 
portal tracts of exaggerated space and prominence 
in the microscopic fields (Fig. 2) and swathes of 
fibrous tissue radiated from the portal areas to 
enclose lobules of liver cells, singly or in groups; 
in some instances (Fig. 3) infiltration of the portal 
regions by small round cells of lymphoid type was 
sufficiently heavy to obscure the underlying fibrotic 
process. Inspissation of bile in canaliculi formed by 
the hyperplasia of bile duct epithelium commonly 
observed in multi-lobular cirrhosis is illustrated in 
Fig. 2, and in this photomicrograph is also to be 
seen a measure of fatty infiltration. Total 
destruction of liver cells was the feature of the 
microscopic field photographed to provide Fig. 4, 
in which isolated groups of hepatic cells are 
discernible in a field of densely aggregated inflam- 
matory cells. 


Cirrhosis of the liver of the type described as 
occurring in each of these five children afflicted with 
fibrocystic disease of the pancreas is presented as the 
end-result of profound and prolonged deficiency. 
This view of the essential nature of the cirrhosis is 
founded on the clinical fact that all the patients 
considered suffered from mal-digestion of long 
duration; it is supported by the occurrence of a 
strictly comparable type of cirrhosis of the liver in 
renal amino-aciduria, in which nutritional depriva- 
tion is sustained for a very long period. A third 
point is that similar hepatic lesions have been 


produced in animals by experimental manipulations 
of diet. 


Impaired nutrition is a clinical feature of most 
patients affected with fibrocystic disease, and is 
referable mainly to the mal-digestion which ensues 
On the loss of the major portion of the exocrine 
secretion of the pancreas. All of our five 
paticnts exhibited gross steatorrhoea, four of the 


five had abnormally bulky, pale, malodorous stools 
and abdominal distension from a very early age, and 
the two who were examined for inadequate protein 
digestion as indicated by amino-acid absorption 
after a gelatine meal were found lacking in this 
respect. The three patients who died had extensive 
atrophic and fibrotic pancreatic lesions, and minimal 
tryptic activity was established in the two as yet 
alive. It is interesting to note that in two patients, 
Cases 2 and 3, a normal trypsin level was demon- 
strable in duodenal content at the ages of 7 and 
6 years respectively. Although the presence of 
trypsin in the duodenal aspirate is uncommon in 
fibrocystic disease, we have encountered this finding 
in an infant aged 14 months, who died one month 
after the appropriate test demonstrated adequate 
tryptic activity; none the less necropsy revealed 
advanced fibrosis and atrophy of the pancreas. It 
would seem that the presence of trypsin is by no 
means an infallible index of the amount of function- 
ing pancreas. 

In this connexion we have noted with interest the 
report of Gibbs, Bostick and Smith (1950) of two 
cases of cystic fibrosis of the pancreas, proved by 
necropsy, in which biochemical evidence was 
obtained during life that pancreatic achylia was not 
complete. In one of their patients two vitamin A 
absorption curves were within the normal range, and 
a definite trace of trypsin was present at the age of 
10 months; in the other, a trypsin concentration 
within the normal range was found at the age of 
83 months, and this enzyme was still present in 
concentration unusually high for cystic fibrosis of 
the pancreas at the age of 14 months. 

Renal amino-aciduria frequently results in serious 
nutritional deficiency from loss of amino acid, and 
multilobular portal cirrhosis of a type closely 
resembling that observed in the three of our patients 
who died of cystic fibrosis of the pancreas has been 
described in connexion with de Toni-Fanconi 
syndrome. Himsworth (1947) has described and 
illustrated two examples of the association of grossly 
nodular cirrhosis of the liver with renal amino- 
aciduria. The conspicuous impairment of nutrition 
which distinguishes both cystic fibrosis of the 
pancreas and renal amino-aciduria is attributable in 
both instances to protein wastage, and in both 
conditions distinctive and apparently identical types 
of hepatic cirrhosis develop as a long term mani- 
festation of the disorder. ; 

It has been abundantly demonstrated by animal 
experiment that protein dietary deficiency leads to 
accumulation of fat in the liver as the result of 
failure on the part of the cells of the hepatic paren- 
chyma to discharge the function of phospholipid 
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Fic. 4.—Groups of liver cells isolated by inflammatory cell aggregation 


Fic. 2.—Broad band of fibrosis in portal zone; inspissation of bile ensuing on liver cell destruction. fa 


in newly formed canaliculi; some fatty infiltration. 





; ‘ z Fic. 5.—Liver of child aged 44 years: fatty infiltration; fibrosis of 
Fic. 3.—Portal fibrosis obscured by infiltration of small round cells portal tract; no radial interlobular extension of fibrotic process. 
of lymphoid type. 
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synthesis normally vested in them, a function to 
which certain amino-acids of protein derivation, 
notably choline and methionine, are essential. The 
prolonged retention of an excessive quantity of fat 
in liver cells leads eventually to their necrosis, with 
inevitable replacement fibrosis. Notable com- 
munications dealing with the supervention of diffuse 
fibrosis on prolonged and heavy fatty infiltration of 
the liver, and the scarring and nodulation which 
follow in the wake of necrosis, are those of Sellers, 
Lucas and Best (1948), of Himsworth and Glynn 
(1944) and of Himsworth (1947). 

The post-necrotic scarring and nodulation des- 
cribed by experimental physiologists as having been 
induced in the livers of animals by dietetic methods 
closely resemble the lesions in our patients. Allan, 
Bowie, Macleod and Robinson (1924) and Chaikoff, 
Connor and Biskind (1938) demonstrated that dogs 
subjected to pancreatectomy and sustained by 
adequate diet and injections of insulin developed 
fatty infiltration of the liver. If the fatty infiltration 
persisted, it was followed by diffuse fibrosis or 
cirrhosis, the march of which, however, could be 
arrested by the inclusion of lecithin or choline in the 
diet. 

In the clinical sphere similar observations have 
been made in African kwashiorkor, a disease caused 
largely by deficiency in dietary protein, in which 
fatty infiltration of the liver is a consistent and 
characteristic lesion; the manner in which cirrhosis 
of the liver, in appearance resembling that of a 
‘mild Laennec cirrhosis’, may ensue in older children 
who have been denied the benefit of adequate treat- 
ment, has been described by Trowell, Davies and 
Dean (1952). Cirrhosis of the liver as the climax 
of prolonged fatty infiltration was also depicted by 
Waterlow (1948) in his monograph on fatty liver 
disease as he studied it in infants in the British West 
Indies. 

In cystic fibrosis of the pancreas it seems highly 
probable that protein deficiency, due mainly to 
pancreatic dysfunction results in liver damage. 
The induction of persistent fatty infiltration of the 
liver and its culmination in cirrhosis is a slow 
process, scarcely to be consummated in the period 
of infancy; we have frequently observed fatty 
infiltration of the liver in babies, but it has not led 
to any appreciable degree of cirrhosis. In a child 
who died at the age of 4} years, although the 
histology of the liver was that of fatty infiltration 
attended by increase and condensation of fibrous 
tissue in the portal tracts (Fig. 5), no penetration 
of newly formed connective tissue between the 
lobules was apparent. It would seem that survival 
for about 10 years is required for the full expression 


of the hepatic deterioration which stems from 
protracted malnutrition. 

Of particular interest in this regard is the report 
by Pugsley and Spence (1949) of a case of cystic 
fibrosis of the pancreas, remarkable in the fact that 
the patient lived until he was 17} years of age. 
Such tenacity of existence in the presence of an 
extreme degree of pancreatic atrophy, extensive 
pulmonary suppuration, and advanced cirrhosis of 
the liver, had not before fallen within the scope of 
our reading or experience. The liver of which 
Pugsley and Spence reproduce a photograph is a 
facsimile in gross appearance of the livers of the 
children who provided the subject matter of this 
discussion. 

It is to be remembered that almost all children 
affected with fibrocystic pancreatic disease die from 
gross respiratory tract suppuration and concomitant 
anoxia; both these factors are known to promote 
fatty accumulation in the liver, as in other organs, 
and may therefore contribute indirectly to the 
cirrhotic process. While lung infection has been a 
feature of the illness of each of the five patients, in 
the first and fourth pulmonary infection was not 
apparent until the children were each aged 9 years; 
when examined, one six months, and the other six 
weeks after the onset of respiratory infection, a well 
developed cirrhosis was present. It is therefore 
improbable that respiratory infection was a material 
factor in the production of cirrhosis in these two 
children, but it may have exerted an influence in this 
direction in the other three patients, in whom the 
pulmonary complication had been present for 
years. 

The child who provided Case Record No. 1 
developed transient ascites and was the only patient 
of the group to show clinical signs referable to the 
hepatic cirrhosis; in the two patients in whom liver 
function tests were carried out the findings showed 
no departure from the normal. The liver lesion 
therefore does not seem to cause any disability and 
its main interest and significance seem to lie in its 
mode of development. Whether it is possible to 
prevent the hepatic changes by giving the subjects 
of cystic fibrosis of the pancreas choline or methio- 
nine is a matter for conjecture. 


Summary 


Clinical and pathological details of five subjects 
of cystic fibrosis of the pancreas, aged 9, 9, 10, 9 
and 11 years respectively are presented. An extreme 
degree of an unusual type of multilobular portal 
cirrhosis was determined by necropsy in three of the 
children; in the other two, aged 9 and 11 years, the 
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diagnosis of cirrhosis of the liver was proved during 
life. 

With the exception of transient ascites in one 
patient, the hepatic cirrhosis did not cause clinical 
disability, and liver function tests carried out on 
two patients resulted in normal findings. 

Emphasis is laid on the fact that such cirrhosis of 
the liver is a long term development in cystic fibrosis 
of the pancreas, and it is considered as deriving from 
protracted nutritional deficiency. 


We wish to thank Dr. A. P. Derham and Dr. J. H. 
Colebatch for permission to report Cases 1 and 5 respec- 
tively. 
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Addendum 


Since this paper was sent for publication we have 
seen another patient aged 10 years with fibrocystic 
disease of the pancreas who has an enlarged hard 
liver and spleen. 
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Szilagyi and McGraw in 1943 aptly pointed out 
that 
“When a disease has ceased to be a therapeutic 
problem, scientific interest in it is likely to wane. 
Not infrequently successful measures of treatment 
are devised before the fundamental problems of a 
disease have been solved, and in such instances the 
consequent lack of interest will be reflected in the 
neglect of the related, less practical but basically 
important, questions.’ 


The purpose of this paper is to present briefly the 
medico-surgical histories of eight new cases of 
hypertrophic pyloric stenosis occurring in five pairs 
of twins, and by an analysis of the literature on twins 
and by the application of the ‘twin method’ to look 
into some ‘of the related, less practical but basically 
important’ questions pertaining to the relative role 
of heredity and environment in the aetiology of 
hypertrophic pyloric stenosis of infancy. 


The ‘Twin Method’ 


The value of the ‘twin method’ is based on the 
fact that there are two distinct types of twins. The 
monozygous or identical twins, because of their 
development from a single fertilized ovum, have, 
gene for gene, identical genetic constitutions. The 
dizygous or fraternal twins, on the other hand, 
because of their development from two separate 
fertilized ova, differ in many genes, and are no more 
alike genetically than siblings who are born 
separately. If in an unselected series of twins it is 
found that the condition under investigation occurs 
far more frequently in both of monozygotic than in 
both of dizygotic twins, it is justifiable to conclude 
that the higher degree of concordance among the 
monozygotic group is indicative of a _ genetic 
aetio! gy. The importance of the environmental 
influences may be estimated from the amount of 
discordance found among monozygotic twins. When 
the degree of concordance among monozygotic twins 
Is no greater than among dizygotic twins, then it is 


very likely that environment is the primary aetio- 
logical factor. The usefulness of the ‘twin method’ of 
study is completely lost, however, unless numerous 
biases that may occur from various sources are 
avoided or kept at a minimum. The nature of some 
of these biases is discussed later when the literature 
is reviewed. 


Case Histories 


The summaries of eight case histories of patients 
who are twins are presented below. Three of the 
twin pairs are concordant; therefore only five sets, 
four of like and one of unlike sexes, are involved. 
The similarities between pairs in physical appearance 
(hair and eye colour, iris pattern, ear and nose 
shape, etc.), finger prints, blood groups (O, A:, Ag, 
B, M, N, C, D, E, c, e) and ability to taste PTC (two 
of the pairs were too young to be tested for this 
characteristic) support a diagnosis of mono- 
zygosity in all four sets of twins of like sex. The 
close agreement between co-twins in the above tests 
makes it highly improbable that any one of the four 
like-sexed pairs is dizygotic. Three of the twin pairs 
(Table 1, Nos. 129, 131 and 132) were admitted to 
the Children’s Memorial Hospital and thus came 
to my attention. The other two pairs (Table 1, 
Nos. 128 and 130), admitted to the Royal Victoria 
Hospital, Montreal, by Dr. A. K. Geddes, were 
referred to me for genetic study. 


Cases 1 and 2. Twin pair No. 128 (born October 25, 
1947). This pair of monozygous twin girls was first seen 
by me when almost 4 years old and in good health. 
Although a complete family history could not be 
obtained, it is known that the twins were the result of 
the first pregnancy of a young, unwed, 22-year-old 
woman. The birth was two weeks premature but uncom- 
plicated. 

Twin A (first born, birth weight 4 Ib. 12 oz.) developed 
normally until 4 weeks old when she began to vomit. 
She was admitted to the Royal Victoria Hospital at the 
age of 6 weeks, at which time the vomiting was projectile. 
The physical examination revealed a small movable 
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tumour about 1-5 in. above and to the right of the 
umbilicus. Radiological examination following a barium 
meal confirmed the diagnosis of hypertrophic pyloric 
stenosis. She was cured by a _ Fredet-Rammstedt 
pyloromyotomy. 

Twin B (second born, birth weight 5 lb. 4 oz.) has a 
medical history almost identical with that of her twin 
sister except that her symptoms began about 10 days 
earlier and were a little more severe. Here, too, the 
diagnosis was confirmed at operation. 


Cases 3 and 4. Twin pair No. 129 (born March 9, 
1951) of monozygotic boys was admitted to the 
Children’s Memorial Hospital at the age of 8 weeks. 
The twins, the product of the fifth pregnancy of a 
35-year-old woman, were born two weeks prematurely. 

On admission Twin A (birth weight 5 lb. 14 oz.) had 
projectile vomiting, constipation and loss of weight. 
Peristaltic waves were visible during a feeding and a 
tumour was palpated in the area of the pylorus. Three 
days after admission a Fredet-Rammstedt pyloro- 
myotomy was performed and the diagnosis of hyper- 
trophic pyloric stenosis was confirmed. 

Twin B (birth weight 6 lb. 3 oz.) was admitted at the 
same time and with the same symptoms as his identical 
twin. The diagnosis was confirmed at operation. 

The parents and four older siblings are alive and well. 
The mother reports that she had influenza during the last 
trimester of the pregnancy otherwise the prenatal history 
is not informative. No history of pyloric stenosis could 
be found in either the paternal or maternal kindreds. 
There is no parental consanguinity. 


Cases 5 and 6. Twin pair No. 130 (born March 8, 
1947) of monozygous boys were first seen by me when 
they were 4 years old and in excellent health. Their birth, 
which was one month premature, ended the second 
pregnancy of a 30-year-old woman. Both twins were 
admitted to the Royal Victoria Hospital at the age of 
6 weeks with similar symptoms. 

Twin A (birth weight 5 lb. 1 oz.) had taken his feeds 
well for a few days after discharge from the maternity 
hospital, but then began to vomit most of them. The 
vomiting became projectile and he was admitted to the 
hospital. The physical examination revealed a small, hard 
tumour in the right upper quadrant. A diagnosis of 
hypertrophic pyloric stenosis was confirmed at operation 
on the following day. He was discharged but had to be 
readmitted two weeks later because of ‘pylorospasm’. 
There was gradual improvement and he was discharged 
cured. 

Twin B (birth weight 6 lb.) developed similar symptoms 
at about the same time as his twin brother. The 
diagnosis of hypertrophic pyloric stenosis was confirmed 
at operation. He, too, developed ‘post-operative 
pylorospasm’ and was readmitted at the same time as 
his twin. On his second admission he remained in 
hospital for 10 days during which time he improved 
markedly and was discharged. 

The parents and one older sister of the twins have no 
pertinent medical history. No history of pyloric stenosis 
could be found. There is no parental consanguinity. 


Case 7. Twin pair No. 131 was born on July 3, 1°52. 
The male of these unlike sexed twins was admitted to 
the Children’s Memorial Hospital when he was about 
6 weeks old. The twins, born at term, are the product of 
the third pregnancy of a 35-year-old woman. 

Twin A (birth weight 5 lb. 14 oz.) was seen at the time 
her twin brother was admitted to hospital and again when 
8 months old. She appeared to be in excellent health, had 
gained weight constantly and had never had any sympioms 
comparable to those of her twin. 

Twin B (birth weight 7 lb. 5 oz.) has a history of 
projectile vomiting since 3 weeks of age. When admitted 
to the hospital he appeared well nourished, was in no 
distress but vomited most of his feeds. The first radiological 
examination showed a long, extremely thin pyloric canal 
with small amounts of barium in it. In subsequent films, 
however, a well formed duodenalcap with barium scattered 
through the upper small bowel could be seen. Because of 
projectile vomiting in the absence of radiological evidence 
of obstruction, a tentative diagnosis of pylorospasm was 
made and the child was placed on sedation, anti- 
spasmodics and thickened feeds. However, the vomiting 
continued and the child did not improve as rapidly as 
expected. Five days after admission a barium meal was 
given and radiographs were repeated. There was a definite 
obstruction at the pylorus and a diagnosis of hyper- 
trophic pyloric stenosis was made, confirmed the follow- 
ing day by pyloromyotomy. 

In this family the father and one older sister are alive 
and well. The mother had scarlet fever when 9 years old 
and petit mal attacks ever since. There is no history of 
pyloric stenosis in either the paternal or maternal 
kindreds and no parental consanguinity. 


Case 8. Twin pair No. 132 was born on December 9, 
1952. Twin A of this pair of monozygous twin girls was 
admitted to the Children’s Memorial Hospital when she 
was about 7 weeks old. The twins were born at term after 
the third pregnancy of a 27-year-old woman. 

Twin A (birth weight 5 lb. 5 oz.) had a history of 
projectile vomiting. There was a small, hard tumour in 
the right upper quadrant. The diagnosis of hypertrophic 
pyloric stenosis was confirmed two days later when a 
pyloromyotomy was performed. Recovery was unevent- 
ful and the child was discharged. 

Twin B (birth weight 6 Ib. 8 oz.) was seen at home at 
the same time that her twin sister was admitted to 
hospital, and again when 4 months old. She is in exceilent 
health, has gained weight constantly, and has never had 
any symptoms comparable to those of her sister. 

The parents have no pertinent medical history. Two 
previous pregnancies both terminated as miscarriages. 
There is no history of pyloric stenosis, and there is no 
parental consanguinity. 


All eight infants had typical signs and symptoms 
of hypertrophic pyloric stenosis. This diagnosis was 
confirmed in all eight cases when a Fredet- 


Rammstedt pyloromyotomy was performed. With 
the possible exception of Pair No. 130 that developed 
post-operative pylorospasm, there were no serious 
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complications and all eight recovered completely. 
The antenatal history was not informative for all 
five pregnancies. The prematurity of two, two and 
four weeks in the first three pairs is probably related 
to the multiple birth rather than to any other cause. 
No history of pyloric stenosis was obtained among 
the six siblings (three boys and three girls) nor 
among other near relatives (parents, grandparents, 
paternal and maternal siblings, and offspring of 
paternal and maternal siblings). None of the five 
matings was consanguineous. The similarities in the 
four like-sexed twins are in favour of uniovular 
development. There is little doubt therefore that the 
four like-sexed pairs of twins are monozygous and 
concordant in three cases, and monozygous and 
discordant in one case. The one unlike-sexed pair 
of twins is, of course, dizygotic and at eight months 
has remained discordant. 


Review of the Literature 

In Table | are listed in the chronological order of 
their appearance in the literature 132 pairs of twins 
where at least one member of each pair was affected 
with ‘hypertrophic pyloric stenosis’. This list is 
composed of 127 pairs taken from the literature and 
of the five new pairs reported above. The words 
‘hypertrophic pyloric stenosis’ are purposely placed 
in quotation marks because a diagnosis of hyper- 
trophic stenosis in a few cases which have appeared 
in review articles is not supported when the original 
paper is examined. Indeed, in at least one instance 
the original report was never intended to be one of 
hypertrophic pyloric stenosis. The zygosity and con- 
cordance or discordance that are given in the table 
are those reported by the original author. Under 
‘Remarks’ is given the main reason why the case is 
not included in the final analysis of this review. 


TABLE | 


ZYGOSITY AND CONCORDANCE AS INDICATED BY ORIGINAL AUTHOR OF 132 PAIRS OF TWINS WITH HYPERTROPHIC 
PYLORIC STENOSIS 














Type Birth Order Remarks 
Twin Author and Year of 
Pair Pair U 1 2 3 4 $ 6 
| McKechnie (1913) DZ MF | Adequately reported 
2 Thomson (1921) NS MU Zygosity 
3. Redlin (1923) NS MM Zygosity 
4 Moore (1924) NS MM Zygosity 
S Sauer (1924) NS MM Zygosity 
6 Davis (1924) NS MM Zygosity 
7 Lasch (1925) MZ FF Diagnosis 
8 Verschuer (1927) MZ UU Diagnosis and zygosity 
9  Bilderback (1928) NS MM Zygosity 
10 Cockayne and Sheldon 
: (1928 MZ M | MM | Adequately reported 
11-13 Monrad (1928) NS UU | Zygosity (3 pairs) 
14 Glatzel (1931) NS UU Zygosity 
1S Sommer (1931) MZ oD |; v FF | Zygosity 
16 Varden (1933) MZ MN Adequately reported 
17 Lanz (1934)* MZ UU | (Zygosity)* 
18 Brauns (1934)* DZ UU (Zygosity)* 
19 Redgate (1935) MZ U | U MM | Adequately reported 
20 Gelder (1936)* MZ UU (Zygosity)* 
21 Schippers and Molen (1936)* MZ | UU | (Zygosity)* 
22 De Lange (1936) MZ MM Adequately reported 
23 Halbertsma (1936) DZ M F M M MF M Adequately reported 
24 Knauer (1937) NS MU | Zygosity 
o 25 Wallgren (1937) DZ 2 i # MF Diagnosis of co-twin 
26 27 ~Wallgren (1937) NS UU | Zygosity (2 pairs) 
28-29 Wallgren (1937) NS UU | | Zygosity (2 pairs) 
30 Schmid (1938) MZ FF | | Diagnosis 
31 Sheldon (1938) MZ F MM Adequately reported 
32. Sheldon (1938) DZ MM Adequately reported 
33-43 Sheldon (1938) DZ | MF or MF | Adequately reported (11 pairs) 
44-53 Sheldon (1938) NS UU | Zygosity (10 pairs) 
54 Pouyanne (1938) MZ MM | Zygosity 
55 Card (1939) MZ M M F F MM | Adequately reported 
56 Runstrém (1939) NS MM Zygosity 
57-58 Rinvik (1940) NS UU | Zygosity (2 pairs) 
59 Robertson (1940) MZ MM Adequately reported 
60 Robertson (1940) MZ MM | Adequately reported 
61-64 Robertson (1940) DZ MF | Adequately reported (4 pairs) 
65 Robertson (1940) DZ FM | Adequately reported 
66 68 Robertson (1940) DZ MM Adequately reported (3 pairs) 
69 Robertson (1940) DZ | FF | Adequately reported 
/0 Robertson (1940) MZ MM | Zygosity 
71-74 Levi (1941) NS MU | Zygosity (4 pairs) 
7S. O’Donnell and Klein (1941) | DZ MM Zygosity 
6 Cockayne and Penrose 
7 (1943) DZ s FU MF | Adequately reported 
Cockayne and Penrose 
(1943) NS M MM | Zygosity 
| 
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TABLE 1—continued. 

















Type Birth Order Remarks 
Twin Author and Year of . a 
Pair Pair U ; & 1s | #]| 3 6 
78 | Cockayne and Penrose 
(1943) DZ MF MF Adequately reported 
719 | Cockayne and Penrose 
(1943) DZ MF Adequately reported 
80 Cockayne and Penrose 
(1943) NS F MM | F Zygosity 
81 | Cockayne and Penrose 
(1943) NS MM | Zygosity 
82 | Cathala and Cler (1944) NS F U U FF Zygosity 
83 | Lewis (1944) MZ M MM Diagnosis of co-twin 
84 Donovan (1946) DZ UU Not original case 
85 | Donovan (1946) MZ UU Not original case 
86 | Ladd et a. (1946) MZ UU Zygosity 
87 | Nafe (1947) DZ F MM Zygosity 
88 | Laubscher and Smith (1947) DZ MM Zygosity 
89 | Murphy (1947) NS MM M Zygosity 
90-91 | Schaefer and Erbes (1948) NS UU Zygosity and diagnosis (2 pairs) 
92-96 | Schaefer and Erbes (1948) NS UU Zygosity (5 pairs) 
97 | Lamy et al. (1949) MZ MM Adequately reported 
98 | Hughes et al. (1949) DZ F MF | Adequately reported 
99 Garrison (1949) MZ i FF | | Adequately reported 
100 | Schaper (1950) MZ MM | Diagnosis 
101-102 | Ward-McQuaid and Porritt H 
| (1950) DZ UU | Zygosity (2 pairs) 
103-104 | Grimes et al. (1950) DZ UU | Zygosity (2 pairs) 
105 | Grimes et al. (1950) MZ MM | Zygosity 
106 | Wagner and Baratz (1951) MZ MM | Zygosity 
107 | Powell and Carter (1951) MZ s MM | Adequately reported 
108 | Powell and Carter (1951) MZ M F m MM Adequately reported 
109 | Powell and Carter (1951) DZ M F MM Diagnosis of co-twin 
110 | Powell and Carter (1951) MZ F s FF Adequately reported 
111 | McKeown er al. (1951) NS F M F MM Zygosity 
112 | McKeown et al. (1951) NS MM Zygosity 
113.) McKeown et al. (1951) NS | FF Zygosity 
114 | McKeown et al. (1951) NS M M MM Zygosity 
115 | McKeown etal. (1951) NS M F MM Zygosity 
116 McKeown et al. (1951) NS M F m MM Zygosity 
117 | McKeown et al. (1951) NS F M MM Zygosity 
118 | McKeown et al. (1951) NS M M MM _. (M) Zygosity 
119 | McKeown et al. (1951) NS FF Zygosity 
120 | McKeown et al. (1951) DZ MF M Adequately reported 
121 | McKeown et al. (1951) NS MM |: (M) | (F) (F) (F) Zygosity 
122 Welsh (1951) MZ MM Zygosity 
123 , Baker and Sager (1951) NS M UU Zygosity 
124 | Baker and Sager (1951) NS UU Zygosity 
125 | Baker and Sager (1951) NS MU Zygosity 
126 | Cunningham and Kelly 
(1952) MZ MM Adequately reported 
127 | Sale (1953) MZ U MM Zygosity 
128 Metrakos (1953) MZ FF Adequately reported 
129. Metrakos (1953) MZ M F M M MM Adequately reported 
130 Metrakos (1953) MZ | MM Adequately reported 
131 | Metrakos (1953) DZ F m FM Adequately reported 
132 Metrakos (1953) MZ m m FF | Adequately reported 
| 





MZ= Monozygous 
DZ = Dizygous 
NS=Not stated 


M=Affected male 
F= Unaffected female 
U=Unknown 


Whenever the ‘twin method’ is employed in order 
to evaluate the relative roles of heredity and environ- 
ment as aetiological factors in the production of a 
specific characteristic, four conditions must be 
rigidly met before an analysis is undertaken. The 
validity of conclusions derived by the twin method 
of investigation is directly proportional to the care 
exercised in observing these conditions. 

First, the diagnostic criteria which will constitute 
a ‘case’ must be well defined and no individual must 
be included in the analysis who does not satisfy 
these criteria. The signs and symptoms of hyper- 
trophic pyloric stenosis are clear cut and the 
diagnosis as a rule is made readily; however, because 


L 
(M)=Half brother 
*=Original reference 
not seen 


m= miscarriage 
s=stillborn 


of the occasional difficulty that is encountered in 
differentiating between pylorospasm and _hyper- 
trophic pyloric stenosis (as evidenced by the seventh 
case history given above), and because sufficient 
diagnostic evidence is not always given, it has been 
decided to accept for final analysis only those cases 
that had a hypertrophic pylorus positively identified 
either at operation or at necropsy. It is admitted 
that this procedure will eliminate many reports 
which are indeed of pyloric stenosis, but it was felt 
that it was better to exclude some true cases than to 
include some false ones. 

Secondly, the concordance or discordance of the 
twins must be accurately established. This 's of 
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particular importance in discordant pairs for the 
well twin must be seen and examined before being 
pronounced unaffected. 

Thirdly, there must be ample evidence that the 
zygosity of the twins is as stated. Monozygosity 
must not be based only on apparent similarities of 
general features but must also be supported by 
either (a) the identification of a single chorion, or 
(b) a battery of tests including, whenever possible, 
blood groups and finger-prints. The assumption that 
the presence of one placenta is indicative of mono- 
zygotic twinning and that two placentae indicate 
dizygotic twinning was proven erroneous by Steiner 
in 1935, yet many continue to use the condition of 
the placenta as a criterion of zygosity. 

Finally, there must be no bias in the selection of 
twins, that is, monozygosity or dizygosity and 
concordance or discordance must not influence 
whether the twin pair is reported or not. A good 
criterion of an unselected twin series is that the 
monozygosity to dizygosity ratio is not significantly 
different from 1 to 2, i.e. approximately the ratio 
that the two groups are found in the population 
from which the twins are drawn. Depending on how 
rigidly these conditions are observed, the following 
three analyses may be undertaken: 

Analysis I. If all the 132 twin pairs with ‘hyper- 
trophic pyloric stenosis’ are included, there are 35 
monozygous, 40 dizygous, and 57 with zygosity not 
stated. The concordance in the three groups is 
71°4°%, 17-5% and 29-8% respectively (Table 2). 
On the expectation of one monozygotic to two 
dizygotic twin pairs it seems that there has been a 
tendency to report monozygous twin pairs far more 
often than dizygous ones for they constitute 46-7% 
of the total instead of the expected 33%. This bias 
becomes of paramount importance if a further 
selection for monozygous concordant pairs has 
occurred, for this places undue emphasis on the 
role of heredity while minimizing that of environ- 
ment. Unfortunately, in reviews of the literature 
such as this, this type of bias is usually present, and 
it is impossible to assess its extent properly. 

Analysis II. If cases with a stated zygosity which 
was not confirmed at operation or necropsy are 


now excluded from the analysis, then pairs Nos. 7, 
8, 25, 30, 83, 100 and 109 musi be omitted. 

In addition to the above seven pairs there are also 
nine other pairs (Nos. 3, 24, 56, 71-74 and 90-91) 
all belonging to the group where zygosity is not 
stated, which must be excluded because they do not 
fulfil the requirements regarding the diagnosis of 
‘affected’ and ‘not affected’. Since the zygosity of 
these nine pairs of twins is not stated, further 
elaboration on the reasons for their omission is not 
necessary. 

When all the incompletely or inaccurately 
diagnosed cases are omitted, and also the twin pairs 
whose zygosity is not known, there are 30 mono- 
zygous and 38 dizygous twin pairs remaining. The 
concordance is 76:7% and 13-2% for the mono- 
zygotic and dizygotic groups (Table 2). It is pointed 
out that the monozygous group constitutes 44-1% 
of all twins with a stated zygosity. This figure 
approximates the expected 33% a little more closely 
than the figure (46-7°%) obtained in Analysis I. 

Analysis Ill. If, from the twin pairs remaining 
after Analysis II, the pairs whose zygosity is deter- 
mined on inaccurate or insufficient grounds are 
excluded, then pairs Nos. 15, 17-18, 20-21, 54, 70, 
75, 84, 88, 101-106, 122 and 128 must be omitted. 

When the twin pairs with insufficient reported 
evidence for their zygosity are omitted from the 
analysis, 18 monozygous and 29 dizygous twins 
remain. The concordance of the two groups is 
66:7% and 3-4% respectively. Furthermore, the 
monozygotics constitute 38-3% of the total indicat- 
ing that this third list of pairs is less biased than 
either the first or second (Table 2). The 47 pairs of 
twins that remain for Analysis III are either of 
unlike sex or ample proof is presented to support 
the zygosity stated. Furthermore, the diagnosis of 
the affected individuals has been established either 
at operation or at necropsy. There is, too, sufficient 
reason for believing that the unaffected individuals 
are indeed free of hypertrophic pyloric stenosis. 


Discussion 
Aetiology. Flanagan (1951) in his review of the 
main theories of hypertrophic pyloric stenosis, 


TABLE 2 


THREE ‘PROGRESSIVE’ ANALYSES BY THE TWIN METHOD OF 132 PAIRS OF TWINS 











| { 
- . Monozygous | Dizygous | Not Stated MZX 100% 
0. Oo | 
Pairs Concordant Discordant | Concordant Discordant | Concordant Discordant MZ+DZ 
(I) 132 71-4% (25) 286% (10) | 17°5% (7) 82°5% (33) | 29-8% (17) 70-2% (40) 46-7% 
(ll) 68 | 76-79% (23) 23-3% (7) | 13-29 (5) | 86-8% (33) | = — 44-19% 
(il) 47 66-7% (12) 33-3% (6) | 3-4% (1) | «= 966% (28) 
| 
i 


| — — 38-3% 
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remarked that ‘many theories as to the cause of this 
condition are advanced but no one has found a 
single theory that is acceptable’. Some of the 
manifold theories that have been put forward are 
differential tonicity between the musculature of the 
pyloric sphincter and the rest of the pyloric canal 
(Lehmann, 1931); mechanical irritation by the milk 
curds (Ladd and Gross, 1941); hormonal influence 
(Stolte, 1929; Malmberg, 1949); hereditary mal- 
formations (Torgersen, 1949); atopical embryonic 
tissue rests (Torkel, 1905); developmental anomaly 
(Farkas, 1950); seasonal variation (Rinvik, 1940); 
- hyperacidity (McKechnie, 1913); inherited ‘neuro- 
pathic taint’ (Pitfield, 1925); prenatal swallowing of 
liquor amnii (MacHaffie, 1927); injury to central 
nervous system refuted by Lanman (Lanman and 
Mahoney, 1933); developmental hyperplasia (Dono- 
van, 1937); hypertrophy preceding spasm (Donovan, 
1938); Pirie’s hypersecretion of epinephrin theory 
(see MacHaffie, 1927); parallelism between pyloric 
stenosis in infants and peptic ulcer in adults (Spock, 
1944); ‘humoral transmission of some product of 
maternal tension to the foetus’ (Spock, 1944); racial 
disposition refuted by Ladd (Ladd, Ware and Pickett, 
1946); genetic (Cockayne and Penrose, 1943; Lamy, 
Pognan, Marillier, Jammet and Cordier, 1949); and 
a host of others. 

Since none of the proposed theories explains 
adequately the development of the hypertrophy of 
the pylorus it will serve no useful purpose to present 
these in any detail. It may be noted, however, that 
most of these theoretical considerations rely upon 
some intra-uterine influence (maternal hormone, 
etc.) for their explanation. Typical of these is 
Stolte’s theory (1929) which postulated that the 
maternal hormones responsible for the hypertrophy 
of the uterus may be transmitted via the placenta 
to the embryo. Such hormones, Stolte adds, will 
cause a hypertrophy of the musculature of the 
uterus in the case of female infants, but a hyper- 
trophy of the pylorus in the case of male infants. 
Laubscher and Smith (1947) and many others con- 
sider this theory untenable; apart from its hypo- 
thetical nature, it is difficult to understand why in 
some cases (16 out of 45) only one of male twins is 
affected, and also why in the majority of instances 
(23 out of 24), when one of opposite sexed twins is 
affected the other is normal. The same argument 
may be applied to other similar theories, and again 
the evidence obtained- from twins speaks against 
them. 

Incidence of the Condition in Twins. In 1938 
Sheldon analysed 1,000 cases of pyloric stenosis and 
found 23 sets of twins among them. From this he 
correctly calculated that in approximately one case 


out of 40 the patient was a twin (Table 3). However, 
he went on to conclude incorrectly that on the basis 
of one twin birth per 80, pyloric stenosis was twice 
as frequent in twins as in single births. Szilagyi and 
McGraw (1943) and many others accepted Sheldon’s 
conclusion, and some even began to seek explana- 
tions for this apparent higher incidence among 
twins. Indeed in 1941 when Ford, Brown and 
McCreary found 12 pairs of twins in a series of 436 
affected infants (Table 3) they concluded that ‘it 
would seem, therefore, that the environmental 
handicap imposed before birth on members of 
multiple sets is one factor inducing the condition 
of pyloric stenosis’. Spock (1944) too, accepting 
that the frequency among twins ‘is twice as great as 
in single births’, enters into a rather lengthy dis- 
cussion in an attempt to explain the phenomenon. 

It was not until 1947 that Laubscher and Smith 
(1947) clearly indicated that on the basis of one twin 
birth in 80 to 90 confinements, one would expect 
one case of pyloric stenosis to occur in twins for 
every 40-45 cases, for in the population as a whole 
one person in 40-45 will answer in the affirmative 
to the question, ‘Are you a twin?’, and showed by 
a table that in three reports with a large number of 
cases, the overall frequency of twins affected is 
approximately as expected, namely, 1:39-6. 

The three twin pairs (Nos. 129, 131 and 132) 
which came to my attention through the Children’s 
Memorial Hospital are included in a series of 249 
cases which were operated upon for hypertrophic 
pyloric stenosis. Among these 249 cases there are 
two additional cases which were one of twins. Both 
of these twin pairs were like sexed—one two boys, 
the other two girls—but unfortunately one twin in 
each case died soon after birth of causes other than 
pyloric stenosis, and therefore nothing can be said 
about their zygosity or about their concordance 
since they died before the average age of onset for 
hypertrophic pyloric stenosis. Such twin pairs, as 
has been mentioned earlier, give no information. 

In the 249 cases operated on for hypertrophic 
pyloric stenosis, therefore, there were six individuals 
representing five pairs of twins who were described by 
their parents as twins. The ratio of twin to singletons 
in this series, therefore, is 1:41-5 (Table 3). This 
ratio is not significantly different from that found 
in other series and from the twin ratio in the 
population as a whole. 


Concordance in Dizygotic Twins. Five out of 38 


pairs of dizygous twins in Analysis II, and one pair 
out of 29 in Analysis III (Table 2) were concordant 
for hypertrophic pyloric stenosis. The explanation 
of concordance in dizygous twins is an easy one, 
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TABLE 3 


RATIO OF TWIN CASES TO TOTAL NUMBER OF HYPER- 
TROPHIC PYLORIC STENOSIS 














1 


Cases | 








Total Sets 
Author Num- of among | Ratio 
ber Twins , Twins | 

Monrad (1927) ia s 288 3 3 | 1:75-0 
Sheldon (1938) sie .. 1,000 23 24 1:40-7 
Rinvik (1940) ro a 137 2 2 1:68-5 
Ford et al. (1941) .. ~ 436 12 14 1:30-1 
Cockayne and Penrose (1943) 449 11 13 1:34-5 
McKeown et al. (1951) a 489 11 12 1:39-8 
Present study ss os 249 5 6 1:41-5 
1:40-4 


Total .. ..| 3,048 | 67 14 





for whenever a hereditary factor is involved one 
anticipates that the condition will affect more than 
one sibling in some families. Cockayne and Penrose 
(1943) and more recently McKeown, MacMahon 
and Record (1951) have shown that the incidence 
of pyloric stenosis among the siblings of affected 
individuals is about 1 in 20, i.e. about 20 times 
more frequent than in the population as a whole. 
Since genetically, dizygous twins are siblings born 
together, it should be expected that in about one 
pair out of 20 dizygous pairs when one is affected 
the twin will also be affected. The figures 13-2% 
(Analysis IL) and 3-4°% (Analysis III) are not too 
far removed from the expected 5°, concordance. 

Discordance in Monozygotic Twins. Although it is 
comparatively easy to explain concordance among 
dizygotic twins it is far more difficult to explain 
adequately why one of monozygous twins may be 
affected while the genetically identical twin with pre- 
sumably the same antenatal history is unaffected. 
According to one of the two ‘rules’ postulated by 
Sheldon (1938) ‘when pyloric stenosis affects 
uniovular twins, both infants show the condition’, 
yet in Analysis III only 12 of the 18 monozygotic 
twins are concordant. Furthermore the six dis- 
cordant pairs (Nos. 31, 99, 107, 168, 110 and 132) 
seem to fulfil the rigid conditions laid down, and 
therefore it cannot be said that perhaps they are not 
monozygotic or that the ‘unaffected’ twin is an 
asymptomatic case. 

The two discordant monozygotic pairs (Nos. 31 
and 99) of Sheldon (1938) and Garrison (1949) were 
reported as being monochorionic and, if one accepts 
the monochorionic report, then this is conclusive 
evidence for monozygosity. Furthermore in 
both of these sets of twins there was additional 
Supporting evidence for monozygosity. In Powell 
and Carter’s (1951) three twin pairs (Nos. 107, 108 
and |10), and in my own case (No. 132) zygosity has 
been based on many tests, including finger-prints 
and blood groups, making it highly unlikely that 
any of these four pairs are dizygotic. 


There still remains the argument that the healthy 
twin may indeed be affected but asymptomatic. This 
possibility has been ruled out particularly well in 
the three twin pairs reported by Powell and Carter 
(1951), for the healthy twin in each case was examined 
with considerable care including close observation 
for peristalsis during a feed. In two of the pairs, the 
normal twin was also examined radiologically, but no 
obstruction was noted and there was no delay in 
eliminating the barium. Furthermore, the healthy 
twin in each of the three cases has remained well. 


Summary and Conclusions 


Four monozygotic pairs of twins, three con- 
cordant and one discordant for hypertrophic pyloric 
stenosis, and one dizygotic discordant pair are 
presented. The five new pairs are combined with 
127 pairs reported in the literature and an analysis 
is made employing the ‘twin method’. For the 
final analysis only those cases were accepted where 
the hypertrophic pylorus was identified unequivoc- 
ally at operation or at necropsy, and where there was 
ample evidence for the reported zygosity. Of the 
132 twin pairs only 47 satisfied these conditions. Of 
these 18 were monozygotic and 29 dizygotic. Twelve 
(66:7°%) of the monozygotic twins were concordant 
for the condition whereas only one (3-49%) of the 
29 dizygotic twins was concordant. From a study 
of twin cases, therefore, there seems to be little 
doubt that there is a hereditary factor involved in 
the aetiology of hypertrophic pyloric stenosis. It 
also appears evident that some pre- or post-natal 
factor may be necessary for the development of the 
hypertrophy, and that such an environmental factor 
may be effective in one of a twin pair even when 
the twins are genetically alike. 


I would like to express my sincere thanks to Dr. A. K. 
Geddes of The Children’s Memorial Hospital for 
referring two pairs of twins with hypertrophic pyloric 
stenosis; to Dr. F. C. Fraser, of the Department of 
Medical Genetics, The Children’s Memorial Hospital 
and of the Department of Genetics, McGill University, 
for his most valuable suggestions: and to the Federal- 
Provincial Public Health Fund and the Banting Research 
Foundation for financial support. 
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A CASE OF FANCONIS SYNDROME WITH A STUDY OF 
PEROXIDASE ACTIVITY OF THE ERYTHRON 


OTOTAKA HIGASHI, EIJI KOSEKI and MIZUE HIGUCHI 


From the Department of Paediatrics, the Faculty of Medicine, Tohoku University, Sendai, Japan 
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Fanconi’s syndrome, a constitutional hypoplastic 
anaemia associated with multiple congenital defects, 
is sufficiently uncommon to warrant reporting. This 
syndrome was first described by Fanconi in 1927. 
It has since been recognized in Germany (Genz, 
1952), Greece (Cassimos and Zannos, 1952), Switzer- 
land, Holland, France, Denmark, Great Britain and 
the United States, and has been reviewed by Rein- 
hold, Neumark, Lightwood and Carter (1952). In 
the Japanese literature, the only case is that reported 
by Ida in 1952. We are reporting another instance 
of this syndrome in a Japanese girl, which, so far as 
we can determine, is the second to be published from 
Japan. In our case we have studied the alteration of 
the peroxidase activity of erythrons, and include our 
findings here. 


Case Report 


S.S., a 3-year-8-month-old Japanese girl, was admitted 
to the Tohoku University Hospital on September 19, 
1952, for investigation of multiple congenital defects. 

The parents were cousins and were healthy and had 
normal blood counts. The blood of both was Rh positive. 
Of six of their children, four seemed to be affected by a 
similar condition to the present case (Fig. 1). 

The mother’s pregnancy was uncomplicated. The 
patient was born at term after a normal delivery (weight 
was 2,600 g.). At birth, malformations of the arms and 
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Fic. 1.—The pedigree of the present case. 
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are normal, 2 died at 5 years of age of profound anaemia with 

Multiple congenital defects similar to the present case were 

3 and 4 showed multiple congenital defects of the skeletal 

These were foetuses examined after therapeutic abortion. 
5 is the present case. 


fingers and an unusual facial appearance with a pro- 
minent left forehead, convergent squint and ptosis of 
the left upper eyelid were noticed. She was on a mixed 
diet. Her growth and development were slow. She sat 
alone at 15 months, walked alone at 18 months, and her 
gait was a waddle. She was always frail and was smaller 
than other children of the same age. She had had 
frequent colds. 

She was a short, thin girl with pale, unpigmented 
mucous membranes and rather dark brown pigmentation 
of the face. She was 78 cm. (normal 92 cm.) tall, the 
head circumference was 45 cm. (normal 48-7 cm.) and 
the chest circumference 43 cm. (normal 50-7 cm.). 
Her weight was 8,250 g. (normal 13,230 g.). The facies 
was quite asymmetrical, because of the unusual promin- 
ence of the left forehead, a ptosis of the left upper eyelid 
and a paralytic convergent strabismus of the left eye 
(Fig. 2). The fundi appeared normal. The lungs and heart 





Fic. 2.—Photograph of S.S. 


were clear. The liver, spleen and lymph nodes were not 
palpated. The left arm was shorter than the right and 
curved to the radial side. The left thumb was absent and 
the right thumb was represented by a single bony rudi- 
ment hanging by a thread of skin from the right meta- 
carpus. Both femoral heads were palpable. Deep tendon 
reflexes and abdominal reflexes were active. She had an 
intelligence quotient of 77% on the revised Stanford-Binet 
scale. 

Analysis of urine showed no abnormalities. An 
electroencephalogram and an electrocardiogram were 
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normal. Radiographs of the sella turcica and the chest 
showed no marked abnormalities. A radiograph of the 
skeletal system disclosed the following abnormalities 
(Fig. 3): (1) The left thumb was absent and the right 
thumb was underdeveloped. (2) The wrist contained 
only two carpal centres of ossification (normally four 
centres are present). The left radius was absent. (4) Both 
hips were disclocated. 

The chemical determinations of blood were non- 
protein nitrogens 31 mg., sugar 115 mg., chloride 383 mg., 
phosphorus 4-3 mg., calcium 9-9 mg., total cholesterol 
325 mg. (increased) and total protein 7-1 g. (albumin 
3-33 g., a-globulin 0-66 g., 8-globulin 1-11 g., y-globulin 








3A 
Fic. 3.—Radiographs of hands, arms and the hip. 
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1-98 g. (slight increase) per 100 ml.) Liver function t: sts 
were within normal limits, and were: thymol turbic ity 
4 Maclagan units, Takata-Ara reaction negative, brc mn- 
sulphalein test 0 in half an hour, prothrombin time 
15 seconds, icteric index 7 and delayed direct Van den 
Bergh reaction. A Thorn test showed that 222 eosino- 
phils per c.mm. dropped to 201 eosinophils per c.mm. 
four hours after 0-2 ml. of adrenalin. 

Haematological findings are shown in Tables 1 and 2. 

The clinical course was uneventful except for one blood 
crisis. Upon admission, the child’s blood picture showed 
slight anaemia, slight neutropenia and marked thrombo- 
cytopenia. However, soon after admission, her pallor 
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Note the lack of left radius and thumb, the underdevelopment of the right thumb, and 


the bilateral dislocation of the hip. 


TABLE | 
THE HAEMATOLOGICAL DATA OF THE PRESENT CASE 
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Septem-| Octo- Octo- November December 
ber | ber ber ; Se 
1952 20 21 30 5 12 19 25 2 9 16 23 27 

R.B.C. m./c.mm. 3-52 2°51 3-24 4-63 4:37 3-96 3-56 | 2:89 2:01 1-71 2:31 3-71 
Strongly peroxidase 

positive R.B.C. (% 480 370 1 16 112 118 | 220 330 408 160 47 
Reticulocytes (%) | 2: 22 16 11 20 Ss | 31 35 25 33 16 
Icteric Index ll 7 10 12 10 10 10 | 10 10 8 8 8 
Fragility(%) NaCl | | 

solution .. a 2 0:46-0:36 0:48-0:34 0:46-0:38 
Hb. (g./100 ml.) | 10-48 9-38 10-35 13-80 , 9-25 9-38 9-40 |} 9-40 7-00 7-10 6:93 11-60 
Colour Index .| 1:08 1-36 1:06 0:99 0-70 0:78 0-88 | 1-08 1-16 1-38 1-00 1-04 
M.C.H. (yy) 37-3 31-9 29-8 21-2 23-7 26-4 | 32-5 34-8 41-9 30-00 31-2 
M.C.H.C. (%) 36-0 30°4 32-1 27-1 30°3 31-3 | 39-2 29-2 35-8 33-00 29-2 
Haemocrit (%) 26:0 34-0 43-0 34-0 30-0 30-0 | 24-0 24-0 20:0 21-0 39-0 
Lf are A 1-10 1-17 1-03 1-09 0-84 0-94 | 0-92 | 1-33 1-28 0-99 1-14 
M.C.V. (cu) 103-5 104:9 95-0 77°8 75°8 84:3 | 83-0 119- 116-9 90-9 105-1 
M.C.T. (2) 2:1 1-9 1-5 1:6 | 1:6 
W.B.C. (c.mm.) 7,050 6,300 4,350 5,350 4,700 4,350 3,350 | 3,300 3,050 3,500 3,200 4,250 

Basophils .. 0 0 0 0 0 0 17 0 0 0 0 0 

Eosinophils 0 60 40 27 120 240 170 | 100 107 18 16 42 

Lymphocytes 3,400 3,900 2,550 4,660 3,000 3,450 2,210 2,180 2,105 2,070 2,380 2,700 

Monocytes ne 210 | 320 300 160 190 200 30 | 50 50 140 80 210 

Neutrophils ..| 3,400 | 2,000 1,450 1,600 1,320 520 920 960 790 1,280 720 1,320 
Platelets (c.mm.) - «| 30,000 ; 26,000 | 42,000 37,000 8,000 12,000 10,000 8,600 17,000 9,200 37,000 
Bleeding time (min.) 4+ 4-5 | 8 6:5 6 4-5 6-5 8-5 8 3 
Coagulation time 

(min.) AS om | 10-19 9-18 | 2-7 3-5 2-7 5-9 | 1-5-6-5|1-5-10°5 1-5-11 1-7: 5 
Capillary resistance 

(mm. Hg) ; | 90 100 70 90 
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TABLE 2 
THE MYELOGRAM OF THE PRESENT CASE 
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increased rapidly without any apparent cause, and a 
blood examination showed anaemia of the hyperchromic 
macrocytic type with marked anisocytosis, combined 
with moderate neutropenia with nuclear shift to the right 
and definite thrombocytopenia, i.e. pancytopenia. The 
red cell fragility and the icteric index were within normal 
limits. Urobilinogen was not found in the urine. The 
blood type was group O Rh positive. The sternal bone 
marrow picture showed a relative increase of erythro- 
blasts and of lymphoid cells and a relative decrease of 
myeloid leucocytes. Virtually no megakaryocytes were 
seen. 

She became gradually and progressively less alert and 
her appetite was reduced, but the blood transfusions 
(total 320 g.) raised the red cells and the haemoglobin 
to a normal level and increased her general activity. The 


TABLE 3 


PEROXIDASE PICTURE OF ERYTHROBLASTS IN THE 
STERNAL BONE MARROW 
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neutrophils, however, were not increased. A transient 
nuclear shift to the left in the neutrophils had occurred. 
The platelet count was not increased by the transfusions. 
Continuous treatment with iron, ferrum reductum 0-4 g. 
daily, folic acid 15 mg. every three days, vitamin B,,15y 
every three days, a liver preparation and other vitamins 
failed to maintain her red cell and haemoglobin levels 
and the same type of anaemia recurred. One month 
later, a whole blood transfusion, 400 ml. in all, was given 
with allegedly limited benefit and she was discharged in 
a fair state of general health. 


Comment 


The occurrence of a refractory anaemia and 
multiple congenital defects as presented in this case 
warrants the diagnosis of Fanconi’s syndrome. 

The pathogenesis of the refractory anaemia in 
this syndrome is obscure. In the absence of other 
aetiological agents, as Fanconi originally postulated, 
it is assumed to result from a inherent chromosomal 
defect. In this connexion, the following study of the 
peroxidase reaction of the erythron of this case may 
throw some light on the anaemia. 

The peroxidase activity of the erythron was 
observed serially by the use of a new technique of 
the counting chamber copper peroxidase method for 
erythrocytes, which is a modification of Sato and 
Shoji’s (1928) original method for leucocytes and 
was devised by one of the present authors (Higashi, 
1953). The results showed that the peroxidase 
activity of erythrocytes seemed to vary inversely 
with the degree of anaemia. The strongly peroxidase- 
positive erythrocyte count was found to be highest 
when the peak of reticulocyte response developed 
after the first blood transfusion and this was thought 
to be an expression of the ‘peroxidase response” 
(Higashi, 1952) of the erythron, suggesting that some 
parts of the bone marrow were still active in 
erythropoiesis. 

On the other hand it was noticed that the nuclear 
peroxidase reaction of erythroblasts in the bone 
marrow was rather weak. The peroxidase picture in 
the marrow was determined three times and the 
results are given in Table 3. Erythroblasts in which 
the nucleus was strongly peroxidase-positive were 
rare, even when strongly peroxidase-positive ery- 
throcytes were seen in great numbers in the 
peripheral blood. Such a picture was quite different 
from that found in a case of pernicious anaemia 
treated specifically. In the latter case, as reported 
in a previous paper, many erythroblasts with strongly 
peroxidase-positive nuclei occurred in the bone 
marrow at the early stage of blood regeneration. 
Consequently we raised the question whether some 
constitutional defect, which would manifest itself as 
a deficiency of the peroxidase, was present in the 
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nucleus of erythroblasts of the present disease. We 
will be, however, unable to answer the question until 
sufficient data from peroxidase level determinations 
of erythrons in various kinds of anaemia become 
available. 


Summary 
A familial example of Fanconi’s syndrome is 
reported. This is the second such case reported from 
Japan. 
The peroxidase activity of the erythron was 
determined by a new technique of the counting 


chamber copper peroxidase method and the signi- 
ficance of alteration of the enzymic activity is 
discussed. 
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ERYTHROGENESIS IMPERFECTA OR CONGENITAL 
HYPOPLASTIC ANAEMIA (DIAMOND-BLACKFAN TYPE) 


BY 


O. D. FISHER and F. M. B. ALLEN 
From the Department of Child Health, The Queen’s University, Belfast 


(RECEIVED FOR PUBLICATION MAY 11, 1953) 


Since Diamond and Blackfan described four cases 
of congenital hypoplastic anaemia in 1938 the 
condition has been frequently reported and the 
literature was fully reviewed by Palmén and 
Vahliquist in 1949. 

Little has been added to the original description 
of the disease, which is a pure, red-cell anaemia in 
which there is a constant lack of reticulocytes. The 
erythroblasts in the bone marrow are slightly or 
moderately depressed while the white blood cells 
and platelets with their precursors are normal. The 
condition usually becomes manifest after a few 
months of life when anaemia develops and persists 
in spite of treatment although blood transfusion is 
of temporary benefit. The disease affects both sexes 
and has no familial tendency. There is no evidence 
of loss of blood or of haemolysis, and Gleiss and 
Greiner (1951) have shown that in such cases 
transfused red blood cells survive a period of 90 
to 95 days. No toxic agent has been detected in this 
condition, which is considered to result from a 
failure of maturation of the red blood cell at the late 
normoblast stage. This was demonstrated by marrow 
cultures by Cathie (1950). 

Although a maturation factor deficiency would 
seem to be the most likely cause, no such factor has 
so far been discovered. The usual haematinics, liver 
extracts, folic acid, vitamin B12 and iron in all 
forms as well as trace elements of copper, cobalt and 
manganese have no effect on this anaemia. The 
possibility of an endocrine disorder has led to the 
use of hormonal preparations such as thyroid extract, 
‘antuitrin’, insulin, parathormone, adrenaline, testo- 
Sterone and stilboestrol, but without success. Other 
drugs, including arsenic and vitamin preparations 
Such as ascorbic acid and nicotinamide, as well as 
short wave diathermy to the long bones have also 
proved ineffective. Splenectomy has been followed 
by equivocal results and its value is difficult to assess. 

lhe only beneficial treatment is repeated trans- 
fusions of blood; these are technically difficult in 


the infant and smaller child and there is always the 
possibility of a mis-matched transfusion. In long- 
standing cases this treatment is followed by a rise 
in the serum iron level according to Palmén and 
Vahlquist (1949), and haemosiderosis with pigmenta- 
tion of the skin and enlargement of the liver was 
noted by Cathie (1950) and Lelong, Joseph, 
Polonowski, Desmonts and Colin (1951). On 
account of these hazards the following case of 
congenital hypoplastic anaemia is reported in view 
of the satisfactory response to A.C.T.H. and 
cortisone therapy. 
Case Report 

Carol McC. (Fig. 1) was born on December 24, 1949, 

as a full term infant but weighing only 4} lb. (2 kg.). 





Fic. 1, 


She was the twelfth child of a family in which there had 
been six miscarriages at the sixth month of pregnancy 
and one child stillborn at full term. The second child 
died, aged 5 months, of convulsions and the third child 
at 10 weeks of meningitis; the fourth and tenth children 
survived and are healthy. 
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She was artificially fed on dried milk. Pallor was first 
noticed at 3 months of age, and failed to respond to iron 
given by mouth. At 7 months the pallor was intense, a 
haemic cardiac murmur was present and the spleen 
palpable; a blood transfusion was given. At 14 months 
a second blood transfusion was required and further 
haematological examination showed a condition typical 
of congenital hypoplastic anaemia. 

On May 10, 1951, blood examination showed : 
Haemoglobin 52% (7-7 g. per 100 ml.), red blood cells 
2,580,000 per c.mm., colour index 1:0, white blood 
cells 7,450 per c.mm., platelets 220,000 per c.mm., 
reticulocytes <0-25%. A blood film showed aniso- 
cytosis. A differential white cell count gave polymorphs 
43%, large lymphocytes 3%, small lymphocytes 44%, 
monocytes 10%. The P.C.V. was 22%, M.C.V. 84 c.u, 
M.C.H.C. 36%, E.S.R. 45 mm. per hour (corrected, 
3 mm. per hour), bleeding time 1 min. 30 sec., clotting 
time 2 min. Red cell fragility was normal; a Coombs 
test was negative. The blood group was O(IV) Rh 
negative. 

The serum bilirubin level was 0-2 mg. per 100 ml. 
The Wassermann reaction was negative. 

Bone marrow investigation showed that the myeloid 
series was normal, but there was marked hypoplasia of 
the erythroid series. 

No urobilinogen or urobilin was shown. 
acidity was normal. 

A radiograph of the chest, a barium meal and enema 
were normal. There was slight osteo- 
porosis of the wrist but the bone age 
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TABLE | 
BONE MARROW DIFFERENTIAL COUNTS 





August 4, December } 2, 
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Myeloblasts . . 0-5 1-0 
Premyelocytes 4-5 4-0 
Myelocytes .. 10-0 15-0 
Metamyelocytes a 10-0 20-0 
Neutrophil polymorphs 21-0 12-0 
Eosinophil polymorphs 2*> 0-5 
Basophil polymorphs _— 0-5 
Megakaryocytes 1-0 0:5 
Lymphocytes 39-0 11-0 
Plasmocytes .. = 1-0 
Monocytes .. av 0-5 2-0 
Undifferentiated cells 1-5 — 
Proerythroblasts 7-0 1-5 
Normoblasts A — 4:5 
B 2:0 23-0 
Cc — 3-0 
Cells in mitosis “a - i. 0-5 0:5 
Granulocytic:erythrocytic ratio .. 2°8/, 1-25 





A course of A.C.T.H., 10 mg. six-hourly by intramuscular 
injection, was given for the next 14 days and was followed 
by a slight reticulocytosis while the haemoglobin level 
fell only 15% (2-2 g. per 100 ml.) during the next seven 
weeks (Fig. 3). 

On September 29 a further transfusion of 300 ml. of 
packed red cells was given and on October 1 the haemo- 
globin was 96% (14-2 g. per 100 ml.) falling to 87% 
(12-9 g. per 100 ml.) on October 11 when oral cortisone, 





was normal. The Mantoux reaction was 
negative. 

Since then the child has required 
blood transfusions at intervals of approxi- 
mately two months, and other haema- 
tinics, folic acid, vitamin B12 and liver 
extract preparations have been given with- 
out effect (Fig. 2). 

Clinically the child was well propor- 
tioned and well nourished with similar 
features to those described by Cathie 
(1950), of blonde colouring, snub nose, 
thick upper lip, wide-set eyes and an 
intelligent expression. The spleen could 
be palpated only after a blood trans- 
fusion but the liver was enlarged 14 in. 
(3-8 cm.) below the costal margin. When 
anaemic, pallor and a haemic cardiac 
murmur were present. 

On August 4, 1952, peripheral blood 
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examination showed haemoglobin 71% 0 

(10-5 g. per 100 ml.), red blood cells Dec., 1949 
2,990,000 per c.mm., colour index 1-2, 

white blood cells 5,400 per c.mm., platelets 

173,000 per c.mm., reticulocytes <0:2%. A blood film 
showed slight macrocytosis. The differential white cell 
count gave polymorphs 39 %, eosinophils 2%, monocytes 
4%, Tiirk cells 1 %, large lymphocytes 2 %, small lympho- 
cytes 52%. The bone marrow showed hypoplasia of the 
erythroid series but normal myeloid activity (Table 1). 
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25 mg. at 12-hourly intervals, was started. This was 
followed by a reticulocytosis, an increase in haemoglobin 
level and a marked depression of the eosinophil count 
(Fig. 4). 

On December 8, as the haemoglobin level had reached 
113% (16-7 g. per 100 ml.) the dosage of cortisone was 
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reduced to 25 mg. daily, but three days later 
the child developed severe abdominal pain with 
vomiting and constipation. The abdomen was 
distended and tender, turbulent bowel sounds 
were heard, and a radiograph of the abdomen 
showed some gaseous distension of the small 
bowel. The possibility of hypokalaemia causing 
symptoms of an abdominal surgical emergency 
as described by Irons, Ayer, Brown and 
Armstrong (1951) was excluded as the serum 
electrolyte values were: potassium 18 mg. per 
100 ml. (4-9 mEq. per 1.), chloride (NaCl.) 605 
mg. per 100 ml. (103-5 mEq. per 1.). 

The electrocardiogram was also considered 
to be normal (Fig. 5). 

At laparotomy a considerable amount of free 
fluid was present in the peritoneal cavity; a mass 
in the ascending colon disappeared when the 
bowel was delivered and the lower six inches 
(15-8 cm.) of the ileum were pink and distended. 
The lymph nodes were large and juicy through- 
out the mesentery of the small bowel. It was 
considered most likely that the condition was 
one of intussusception with spontaneous 
reduction. The post-operative course was 
uncomplicated. No blood transfusion was 
given and cortisone therapy was discontinued. 

On December 16 the haemoglobin was 
103% (15:25 g. per 100 ml.) and bone 
marrow examination revealed a normal red 
cell series, a totally different picture from 





+ Transfusion 


- 
- 
oo? 


Fy 
‘ ’ 
Vn, Vi 


50 





7 T 
Sept. Oct. Nov. Dec. 


29 


12-5 





~~) —«—— — — « Eosinophils 


Eosinophils 
anal 
> Reticulocytes 


™) 
S 





Haemoglobin 
150 | 3 


; Reticulocytes 


100; 2 


~ 50/1 











T 
Jan. 
| I l t 

Fic, 4. 


Zr 
Feb. Mar. 
I I 





366 ARCHIVES OF DISEASE IN CHILDHOOD 












































Lead | II 
or} ; hadi’ ae oA aeenere oe ? t 
8 ERR | 1 }$—t— TF i 
T i i pes 2 Sad st 
7 Sena ai 
rt ; fone pete et tt tt 
if : en ae I + pia cist SE ge 
ESS Hes 2 * ; 
Serr OS TER ED” Memes pees Y po ee el Ne on Fic. 5.—Nor- 
——--- . pot. ie inl al sas a a ; ss SUNN: SEE EE GE - . mal _ electrocar- 
TTT ita ft 2 whl 4 ORES WERsd HE oh? 8 48k PERES | 2) 833) Bn a diogram on De- 
iy ‘i i t BSt GTi oa TTT STS Ss ed cember 11, 1952, 
i i — 
Ill IV 


those previously reported as erythroid hypoplasia (Table 
1). On January 5, 1953, the haemoglobin had fallen to 
81% (12-0 g. per 100 ml.) and cortisone was begun again 
in daily doses of 12-5 mg. together with 1 g. of potassium 
chloride by mouth. A week later the haemoglobin had 
risen to 97% (14-35 g. per 100 ml.) and the reticulocyte 
count to 3% so cortisone, 12-5 mg., was given on alternate 
days. This has been continued to date and the haemo- 
globin level maintained as shown in Fig. 4. The child 
remains well and active although noticeably undersized 
for her age, her height being only 253 in. (67-3 c.mm.), 
although her weight is 333 Ib. (15-2 kg.). 
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Discussion 


This child shows the features which are characteris- 
tic of congenital hypoplastic anaemia, i.e. the onset in 
early life of a pure red-cell anaemia in which blood 
loss and haemolysis are absent, reticulocytes are lack- 
ing and there is no response to the usual haematinics. 
No toxic substance could be detected and would in 
any case be unlikely to exert such a prolonged effect. 
Bone marrow examination revealed erythroid hypo- 
plasia, which in this case was confirmed by Dr. 
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Fic. 6.—A, Phonocardiogram before blood transfusion. 


B. Phonocardiogram after blood transfusion showing triple rhythm ; the 


third heart sound is indicated by the arrow. 
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Cathie, who kindly examined the slides which he 
considered similar to those of his own cases reported 
in 1950. 

No congenital abnormalities are present such as 
occur with the anaemia of Fanconi’s syndrome 
(1927), while the normal white cell and platelet 
counts exclude the possibility of primary splenic 
pancytopenia. Before A.C.T.H. and _ cortisone 
therapy was tried frequent blood transfusions were 
required. (The method employed was the scalp vein 
technique with general anaesthesia.) During trans- 
fusion triple rhythm was detected by auscultation 
and has been recorded by phonocardiograph 
(Fig. 6), indicating a further potential danger to 
such transfusions as overloading the circulation may 
lead to cardiac embarrassment. 

The occurrence of spontaneous remission is 
reported in one of Diamond and Blackfan’s (1938) 
original cases. After two years of transfusions the 
red cell count remained about 3,500,000 per c.mm. 
Palmén and Vahlquist (1949) consider that there 
may be a stabilization at a low haemoglobin level in 
some cases when transfusions are withdrawn and to 
these they apply the term ‘stationary hypoplastic 
anaemia’. The general experience, however, is, as in 
this case, that the haemoglobin and red cell count 
fall progressively, and Diamond and Blackfan record 
a level of 10°,, haemoglobin (1-5 g. per 100 ml.) and 
580,000 red blood cells per c.mm. in one case. 

The possibility of such a remission coinciding in 
this child with A.C.T.H. and cortisone therapy is 
considered unlikely as after laparotomy cortisone 
therapy was deliberately withheld and the haemo- 
globin level fell from 103° (15-25 g. per 100 ml.) 
to 81°, (12-05 g. per 100 ml.) in 19 days. About 1°, 
(0-15 g. per 100 ml.) haemoglobin per day has been 
the rate of fall in this particular patient. 

This, together with the unprecedented rise in 
haemoglobin to 113°, (16-7 g. per 100 ml.) and 
reticulocytosis leaves little doubt that A.C.T.H. and 
cortisone have been effective in causing maturation 
of the normoblasts as is also shown by the dramatic 
change in the bone marrow. The effect of A.C.T.H. 
and cortisone in blood disease such as haemolytic 
anaemia, sickle cell anaemia, thrombocytopenia and 
leukaemia are well known though the actual 
mechanism may not be fully understood. 

Yoffey (1952) has investigated the effect of 
A.C.T.H. and cortisone on the bone marrow of 
guinea-pigs and he observed a significant increase 
in the myeloid and erythroid cells of the marrow 
Suggesting that steroid compounds have a possible 
erythropoietic function. Finch, Crockett, Ross and 
Bayles (1951) have shown that anaemia in rheuma- 
toi’ arthritis may respond to A.C.T.H. and 


cortisone. There is reticulocytosis and acceleration 
of red cell formation but no obvious change in the 
bone marrow, and in spite of continued therapy 
polycythaemia does not develop. However, poly- 
cythaemia is a well recognized feature of adreno- 
corticism or Cushing’s syndrome and is presumably 
an effect of the adrenal steroids on the erythroid 
tissue. 

In congenital hypoplastic anaemia the response to 
A.C.T.H. and cortisone may be a _ non-specific 
erythropoietic effect if the condition is primarily an 
inborn error of development of the late normoblast 
as suggested by Cathie (1950) and for which he 
employs the term ‘erythrogenesis imperfecta’. 

On the other hand the condition may be associated 
with an endocrine deficiency. The retardation of 
physical development so well illustrated in this child 
is not a constant feature of the condition but has 
been reported by Palmén and Vahlquist (1949) and 
Bernard, Inceman and Hovasse (1951). Adrenal 
function tests have not been undertaken in this child 
as cortisone therapy continues. This, in itself, may 
lead to many common side-effects such as a rapid 
gain in weight, pigmentation, acne, euphoria and 
electrolytic disturbances, but also to the more serious 
problem of masking the usual signs and symptoms 
of bacterial infection. Of particular importance is 
the activation or exacerbation of an unrecognized 
tuberculous process and possibly an_ increased 
liability to this infection. With this in mind frequent 
radiographs of the child’s chest have been under- 
taken as, although the Mantoux reaction is negative, 
a falsely negative reaction may occur with A.C.T.H 
or cortisone therapy in the presence of active disease. 


Summary 


A further case of congenital hypoplastic anaemia 
is reported. Previous treatment of the condition and 
the dangers of repeated blood transfusions are 
reviewed. The successful response to A.C.T.H. and 
cortisone over a period of eight months is demon- 
strated and the mechanism of its effect discussed. 
The dangers of such therapy, if continued, are noted. 


We should like to thank Dr. N. A. J. Carson for 
carrying out the haematological investigations. 
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Postscript 
Since May, 1953, the child has required no blood 


transfusion while on cortisone therapy. he 
haemoglobin has therefore ranged between 80 2nd 
93% (11-8 to 13-75 g. per 100 ml.) and the 
reticulocytes between 0-5 and 1-25 %. 

It is interesting to note that, as a further side-eifect 
of cortisone, the child’s hair has now changed from 
blonde to brunette. 
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FAVISM IN LONDON 


BY 


JOHN H. DIGGLE 
From The Hospital for Sick Children, Great Ormond Street, London 


(RECEIVED FOR PUBLICATION MAY 7, 1953) 


Favism is an acute haemolytic anaemia caused 
by an acquired allergy to a protein of the broad bean 
(Vicia fava). Reports of the disease date from before 
the fifth century B.c. and in a good review of the 
literature Luisada (1941) points out that favism used 
to have a very wide distribution in the Mediterranean 
basin. It now occurs particularly in the Sardinians, 
who seem to have retained the more typical 
characteristics of the original Mediterranean race. 
In Sardinia many thousands of cases occur every 
year in a population of one million. The disease is 
found also in Sicily, on the mainland in parts of 
Italy, Greece and Turkey, in the Greek islands, in 
Cyprus and in north Africa. A few sporadic cases 
have been described in France and in Spain, and 
since 1933 nine cases have been described in 
Americans of Italian descent. I have been unable 
to find any reported cases in Britain. 

There are now about 25,000 Cypriots living in 
London, and this number will probably increase. 
Many more examples of favism may be discovered 
in the future if this diagnosis is considered in 
Mediterranean patients presenting with acute 
haemolytic anaemia. 

As well as being racial the condition is often 
familial. There must be some constitutional peculi- 
arity in the people who develop allergy to the fava 
bean, for it has been shown that the susceptible 
subjects are sensitive to fava beans from any country, 
whereas people who are not susceptible can consume 
broad beans grown in Sardinia or elsewhere without 
ill effect. 

The disease may arise by inhalation of the bean 
flower pollen (usually in April and May) and in this 
case the symptoms begin within a few seconds, 
sometimes with startling suddenness. The commoner 
Cause is eating broad beans. The incidence is known 
to be less when the beans are well cooked. The 
Symptoms begin in from five to 48 hours after 
ingestion of the beans. 

Favism principally affects small children and is 
Commoner in males. The severity of the condition 
genc'ally decreases as age advances. The mortality 


rate in untreated cases is stated to be 8%, the deaths 
occurring almost entirely in children. On first eating 
the beans or inhaling the pollen the child suffers no 
ill effects, but a second contact with the antigen can 
produce an illness which is very variable in degree. 
At one end of the scale is a mild attack of diarrhoea 
and vomiting and at the other end a rapid haemo- 
lytic anaemia with jaundice and haemoglobinuria. 

The following cases illustrate this difference in 
degree. 


Case Reports 


Case 1. A Cypriot boy. born in London three and a 
half years ago, had lived nowhere else, and had no 
previous history of any acquired disease. His only con- 
genital abnormality was thick, horny palmar and plantar 
skin (tylosis) which he inherited dominantly through his 
father. 

On the day before he was admitted to The Hospital 
for Sick Children (September, 1952) the child was being 
cared for by a friend. This woman noticed that his urine 
was red during the day. After returning home in the 
evening he complained of severe pain in the left iliac 
fossa. His parents noted that he was pale and was 
breathing rapidly. During that night the abdominal pain 
continued and the urine remained red. 

Next morning they obtained a prescription for 
haematuria, but throughout the second day the boy 
gradually became more anaemic and the skin became 
jaundiced. Micturition was painful and the urine had the 
appearance of port-wine. A small amount of brown, 
formed stool was passed. He vomited once. Finally he 
became very weak and was unable to stand. At this 
stage, about 30 hours after the onset of symptoms, he 
was admitted to hospital. 

On examination there was jaundice and severe anaemia. 
The temperature was 99-8° F. and the heart rate was 
160 per minute. An apical systolic murmur was heard 
and the cardiac impulse was diffuse. Respirations were 
deep, and sighing and yawning were frequent. The liver 
and spleen could not be felt, and no lymph nodes were 
enlarged. There was general slight tenderness over the 
abdomen, but no rigidity. 

The blood haemoglobin level was 30% (4:35 g. per 
100 ml.). The serum was deeply coloured, and spectro- 
scopically showed methaemoglobin. The leucocyte count 
was unfortunately not done. 
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The urine was very dark and slightly turbid. Direct 
microscopy showed many granular casts and a large 
amount of granular debris, but no red cells were seen. 
After centrifuging the supernatant urine was a beautiful 
deep red. 

The direct Coombs test was negative. 

It appeared that possibly as much as 70% of this 
patient’s red blood cells had been haemolyzed in 30 hours 
and there was no evidence that the haemolysis was likely 
to cease. Therefore it was decided to transfuse Rh- 
negative blood. All the available stored blood which 
was tested against the patient’s plasma showed some 
agglutination. However, transfusion was started because 
the child was so gravely ill. 

On the following day the blood haemoglobin was 
77% (R.B.C., 2-95 m. per c.mm.). Clinically there was 
still haemoglobinuria, and spectroscopic examination of 
the urine showed the characteristic bands of methaemo- 
globin. 

This case bore an obvious and close resemblance to 
cases of favism in children which I had seen successfully 
treated in Cyprus. For this reason a request was made 
for details of the patient’s diet during the two days 
preceding the onset of the illness. The parents questioned 
the neighbour who had cared for the boy, and she 
recollected that the only unusual item had been a plateful 
of broad beans. This she had given to the boy for lunch 
on the day before the onset of the haemoglobinuria. 
The parents could not remember the child ever having 
eaten broad beans before this occasion, but they thought 
he might have done so without their knowledge. 

The patient was the only child. There was no history 
of episodes of acute anaemia in either the mother’s or 
the father’s large families in Cyprus. 

A total of 1,500 ml. of stored blood was transfused 
over a period of 48 hours, and on the third day after 
admission to hospital the blood haemoglobin was 99% 
(R.B.C., 5-72 m. per mm.). Reticulocytes were 5-2%. 

The blood serum was fully investigated for the presence 
of specific haemolysins, with completely negative results. 
The cold agglutinin titre was 1 in 16. 

The colour of the urine gradually changed from deep 
red through pink to pale yellow as the haemoglobinuria 
decreased during the three days following admission. 
On the fourth day there was less than 10 mg. % of 
protein in the urine and nothing abnormal in the spun 
deposit except for large numbers of epithelial cells. No 
bands of methaemoglobin were seen spectroscopically, 
Fouchet’s test for bile was negative, and there was no 
excess of urobilinogen. 

The patient remained well and returned home eight 
days after admission. The parents were advised never to 
allow him to eat broad beans again. 

Case 2. This boy was a Cypriot. He was aged 93 
years when he was admitted to University College 
Hospital with jaundice and anaemia (August, 1951). 
His past history had been uneventful except that two 
years before he had been jaundiced for a week. This 
jaundice had been accompanied by abdominal pains and 
general malaise. 

The illness for which he was admitted included no 


pain and no diarrhoea. There was a history of having 
felt miserable for two days, with dizziness and vomiting. 
The parents stated that he had eaten a meal of broad 
beans a few hours before the onset of symptoms. 

On admission the jaundice was moderate in degree 
and there was considerable anaemia. The spleen was not 
palpable. There was tenderness in the right iliac fossa. 

The blood haemoglobin level was 43% (R.B.C., 2:32 m. 
per c.mm.). The leucocyte count was 9,200 per c.mm. 
with 12% monocytes. Reticulocytes were 8°. There 
were no target cells of Cooley’s anaemia, and there was 
no sickling of cells. The fragility of the red cells was 
normal. Coombs test was negative. The blood bilirubin 
was 6°8 mg. per 100 ml. The urine contained no bilirubin 
and spectroscopically there was no haemoglobin. 

A dark, formed stool was passed on the following day. 
The boy did not become ill enough to require a blood 
transfusion. 

The jaundice gradually faded and the haemoglobin 
level gradually increased. The reticulocyte count rose 
for 12 days and then decreased again. 

Skin tests using an extract of broad beans were incon- 
clusive. About an ounce of cooked broad beans was 
prescribed for and eaten by this patient before he left 
hospital, but this was without effect on the haemoglobin 
level. He returned home four weeks after admission. 


Discussion 


The sensitization theory of aetiology is now on a 
secure foundation, largely owing to the work of 
Luisada (1941). The alternative theories of infection 
by a bean fungus and of poisoning by a bean toxin 
(the word ‘favism’ would be correct in a toxico- 
logical sense) have been thoroughly disproved. 

Scratch tests with an extract from fresh broad 
bean are negative for about six weeks after favism 
(Pickering and Hurwitz, 1951). Similarly, giving 
beans to the patient after an attack produces no 
effect during this anergic period. Temporary un- 
responsiveness is well recognized in other forms of 
allergy. After six weeks the skin tests become 
positive in most cases. 

A haemolytic crisis following the ingestion of fava 
beans in a young Mediterranean subject is probably 
always sufficient grounds for diagnosing favism in 
the absence of any other haemolytic disease. Even 
the youngest child could have been potentially 
sensitized. Luisada (1941) describes sensitization in 
infancy from the mother’s milk after the mother had 
eaten fava beans. . 

Prognosis. In Luisada’s experience the patient 


usually dies if the acute haemolytic process with 
haemoglobinuria lasts for more than three days. If 
a patient survives several attacks of favism then 
complete freedom from further attacks may develop 
spontaneously. Even when this immunity does not 
develop attacks in later life may become very mild. 
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The mild attacks may take the form of headache 
and diarrhoea, with an increased excretion of 
urobilin and stercobilin. A form may occur with 
pyrexia, vertigo and hypotension. Yet another 
manifestation is a headache closely resembling 
migraine. 

In many cases there is a leucocytosis of between 
10,000 and 40,000 per c.mm. for six or seven days. 
Sometimes a mononucleosis or an eosinophilia is 
found. Robinson (1941) regards the increase in 
eosinophils in the bone marrow as another argument 
in favour of an allergic aetiology. The serum 
potassium level may reach three times the normal 
during an attack of favism on account of the large 
and sudden destruction of red cells. 

Pathology. Cadeddu (1950) described the necrop- 
sies of eight fatal cases and concluded that the 
findings were those expected in any fatal haemolytic 
anaemia whatever the cause. 

Treatment. The treatment of a severe case is the 
slow transfusion of the most compatible blood 
obtainable. Leone (1950) in Sardinia gave anti- 
histamine drugs to 21 children aged between | year 
and 12 years suffering from severe favism. The 
initial red blood cells counts ranged from 770,000 
to 2:47 m. per c.mm., and these patients would 
otherwise probably all have required blood trans- 
fusion. Leone found, however, that only six of her 
21 cases need transfusion. The symptoms in most 
cases were rapidly relieved after antihistaminics. 

Diagnosis. FFavism has in the past been mistaken 
for blackwater fever, Weil’s disease, Lederer’s 
anaemia, acholuric jaundice and infective hepatitis. 
Unless a history of recently having eaten broad beans 
is obtained by careful enquiry many cases may be 
missed. 


It was pointed out by Jacobs (1950) that favism 
is probably a very suitable condition for the study 
of the acute haemolytic process. It may also be 
suitable for the study of the allergic mechanism in 
specific food allergy, and might bring to light 
unsuspected connexions between a disease and a 
food antigen. Coeliac disease is a much less 
dramatic condition than favism, yet it seems likely 
that sensitization by gluten plays a major part in its 
aetiology. It is tempting to wonder if any of the 
unexplained bouts of fever and vomiting in children 
will ever be found due to some specific food allergy. 


Summary 


Two cases of favism in Cypriot boys are des- 
cribed. The younger child had a severe attack with 
haemoglobinuria and required a large blood trans- 
fusion. The older child had a milder attack without 
haemoglobinuria but with jaundice. 

The diagnosis is discussed, and attention is drawn 
to the importance of eliciting a history of the 
ingestion of broad beans within two days before the 
onset of the illness. 


It is a pleasure to acknowledge my indebtedness to 
Dr. A. P. Norman under whose care Case | was admitted 
to The Hospital for Sick Children, and to Dr. Bernard 
Schlesinger for access to the notes of Case 2 in University 
College Hospital, and for his kind permission to publish 
this case. 
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During the past two years 16 cases of nephrosis 
have been treated with cortisone and/or A.C.T.H. 
(adrenocorticotrophin) at this hospital. The results 
of cortisone treatment have been reported previously 
(Arneil and Wilson, 1952) and corresponding find- 
ings for A.C.T.H. are now given and the value of 
the two hormones compared. The criteria used when 
including a patient in this investigation and the 
methods of study have been described in the previous 
paper. A.C.T.H. was given for a period of 12 days, 
the daily dose varying from 40 to 80 mg. intra- 
muscularly with 2 to 3 g. of potassium chloride 
orally. The effect of such treatment on the oedema, 
albuminuria, serum proteins, plasma cholesterol 
levels and other biochemical tests are discussed 
below. Nine patients were treated with A.C.T.H. 
and were given 15 courses in all; second and third 
courses are designated (2) and (3) throughout the 
text. 

Effects of A.C.T.H. on Oedema 


Variations in oedema were judged by alterations 
in the weight of the child. During the first six days 
of A.C.T.H. therapy the weight rose appreciably on 
12 occasions but in the last six days five patients lost 


weight and each of these five subsequently had a 
marked diuresis. No patient who continued to gain 
weight until the end of A.C.T.H. treatment subse- 
quently had a diuresis. Within 12 days of stopping 
A.C.T.H. treatment, the main fluid loss occurred: at 
times this was extensive and in one case amounted 
to almost 11 kg. More detailed information will be 
found in Table 1 which shows the average weights 
of patients during a series of six-day periods. In 
E.B. and D. McG. the gross oedema recurred after 
nine and 114 days respectively; in neither D.M., 
J.N. nor E.B. (2) had it returned after six months. 


Effects of A.C.T.H. on Albuminuria 


On 14 of the 15 occasions the albuminuria 
increased during treatment but diminished in all 
cases within six days after hormone treatment had 
ceased. The diminution in albuminuria was un- 
associated with diuresis on seven occasions. Three 
patients in whom diuresis started during therapy 
had a marked lessening of albuminuria towards the 
end of treatment. In P. McD., from whom collec- 
tion of urine was achieved frequently, the total daily 
output of albumin doubled when A.C.T.H. was 


TABLE 1 


EFFECT OF A.C.T.H. ON OEDEMA AS 


SHOWN BY ALTERING BODY WEIGHT 





Average Weight for Period (Kg.) 








1-6 Days 1-6 Days 7-12 Days | 1-6Days | 6-12 Days 12-18 Days 18-24 Days Diuresis Reiapse 
before | of of after | after after after 
ALT M. | AL.T. Hi, ACTH. ACTA. AST... A.C.T.H. ALOT. 
D.M. 14-0 15-9 15-1 11-4 — —_— 11-8 + 0 
J.N. 31-5 32:9 32:2 22-0 21:5 21-8 — + 0 
E.B. ar 35-3 34-8 32:1 28-8 30-6 34-0 38-2 { 
E.B. (2) 5 34-0 35-0 36-0 28-1 27-0 28-0 29°7 ! - 0 
*(32-6) 
DD. MeG..... 17-4 17-3 16°4 13-6 12:4 12-6 13-0 - 
D. McG. (2) 16-6 17-0 18-3 19-3 18-9 19-6 19-4 0 
E.M. se 17-9 18-5 18-1 18-8 16°8 17-2 16-8 0 
E.M. (2) ..} 16-8 17-8 18-4 16-5 17-0 16°8 16-6 0 
E.M.(3) .. 19-1 19-8 19-9 20°5 21°5 20:7 — 0 
A ee 17-3 17:6 17°8 17-6 17-5 17°6 — 0 
P. McD. (2) | 18-5 | 18-6 18-2 18-4 18-5 18-7 — 0 
cs. mal 30-6 30:7 31-1 31-3 31-8 32-9 — 0 
ci. @) ee 33-2 34°8 35°7 35-0 32-7 —_ — 0 
H.D. a 19-8 21-0 22:5 24:5 26-6 27-1 23-3 0 
A.R. oe 17-9 16:7 16°5 16-4 16-6 16-6 16°8 0 


1 





* A.C.T.H. therapy continued a further nine days; average weight for extra period in brackets. 
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TABLE 2 
EFFECTS OF A.C.T.H. ON SERUM PROTEINS 
— P 
| Total Serum Proteins Albumin Globulin («% and B) 
(g. per 100 ml.) (g. per 100 ml.) (g. per 100 ml.) 
| At End 16 Days | At End 16 Days | At End 16 Days | Diuresis | Relapse 
Before of after | Before of after Before of after | 
A.C.T.H. | A.C.T.H. | A.C.T.H. | A.C.T.H. | A.C.T.H. | A.C.T.H. | A.C.T.H. | A.C.T.H. | A.C.T.H. | 
DM. 4:09 4°71 6°59 | 0-91 1-21 5:06 | 3-18 3-50 1-53 aa 0 
IN. ..| 3:06 3-65 4-30 0-28 1-13 1-36 2-78 2°53 2:94 os 0 
E.B. | oe 4:14 3-51 0-48 0-45 0:28 3-21 3-69 3-23 a + 
SER.Q) ..| 3°o8 5-78 7:49 0-13 2:72 2-90 3-70 3-06 4°59 - 0 
D. McG. .. 4-50 4°34 5-96 0-75 0-44 3-96 3-75 3-90 2-00 : “ 
D. McG. (2)| 4:29 4:07 _ 0-93 0-75 — 3-34 3-32 — 0 
E.M. ike 3-92 4-99 4:06 0-67 0-48 0-57 3-25 4°51 3-49 0 
E.M.(2) ..| 4°06 5-70 — 0-57 1-66 — 3-49 4-03 —_ 0 
E.M. (3) ..| —_ 4-65 — — 0-61 — — 4-04 — 0 
P.McD. ..| 5-41 6°14 5-45 2:92 2°52 2:64 2-49 3-62 2-81 0 
P. Mc.D. (2)) 5°45 7°67 5-88 2-64 4:06 3-20 2-81 3-61 2:68 0 
Ci. a 2 4°10 4-01 0-92 0-50 0-64 2-93 3-60 3-44 0 
C.I. (2) | 4-01 5-21 5-71 0-64 0-55 0-70 3-39 4-67 5-01 0 
H.D. | 3-76 4-12 4:26 0:58 0-30 1-20 3-18 3-82 3-06 0 
ALR. | 35-02 | 5-71 5-18 1-39 1-27 2:71 3-63 4°44 2:37 0 
| 








given and fell to one-half of the original quantity 
when treatment was stopped. In E.B. (2) this trend 
was more marked; the daily albumin output, which 
before A.C.T.H. was given had varied from 2 to 4 g., 
rose to 4 to 9 g. during treatment, then, although 
A.C.T.H. treatment continued, fell to 1 g. or less 
per day for a period of a week. This fall in albu- 
minuria was therefore absolute and not due to 
dilution of the urine, nor could it be explained by a 
lowering of the plasma albumin level which had in 
fact altered little during this period. It would appear 
that albuminuria is increased during the first few 
days of the administration of A.C.T.H. to patients 
with nephrosis, then lessens before or immediately 
after treatment is stopped, whether or not a diuresis 
takes place. If the diuresis takes place before the 
absolute daily loss of albumin lessens, then the 
concentration in the urine will be diminished. On 
12 occasions the albuminuria decreased but returned 
to its former gross levels; in two instances it dis- 
appeared and has not recurred after six months. 


Effects of A.C.T.H. on Serum Proteins 


The total serum proteins were measured before 
and after the 12 days’ treatment and 16 days later 
(Table 2). During treatment the level of total serum 
proteins tended to rise and on 12 occasions it was 
possible to compare the levels before treatment and 
16 days after it was stopped. The proteins rose by 
more than a gramme per 100 ml. in five instances, 
less than one gramme in six instances and on the 
remaining occasion fell by a small amount. In each 
of the four cases in whom the most satisfactory 
diuresis had occurred (D. McG., J.N., E.B. (2) and 
D.M.) the level of total serum proteins after treat- 
ment exceeded the level before treatment by more 
than | g. per 100 ml. E.B. and A.R. had a transient 


diuresis during which the total serum proteins rose 
but fell thereafter as they relapsed. It is interesting 
that C.I. (2), an oedematous patient who had a 
marked rise in proteins after A.C.T.H., had no 
diuresis. The albumin and globulin fractions of the 
serum protein were measured at the same time as the 
total proteins and these results are also shown in 
Table 2. The alpha, beta and gamma globulins were 
estimated separately, but no significant differences 
were observed in their behaviour. The levels of 
albumin before and immediately after treatment 
were estimated on fourteen occasions. In four 
instances a marked rise occurred during treatment 
(J.N., E.B. (2), E.M. (2), P. McD. (2), and diuresis 
had begun by this time in the first two cases. Nine 
of the remaining cases had a small decrease in serum 
albumin. Sixteen days after treatment was termi- 
nated, a marked increase had occurred in six 
instances, by which time four of the patients had 
shed most of their oedema. 

The alterations in serum globulin were also of 
considerable interest; on three occasions the total 
globulins were markedly lower 16 days after 
A.C.T.H. than before. In two of these diuresis had 
occurred and in all three there was as well a marked 
increase in serum albumin. In C.I. (2), the case in 
which no diuresis had occurred when the total serum 
proteins rose, a marked increase in the globulins 
explained this rise. 

These results indicate that A.C.T.H. may cause a 
disappearance of oedema without material alteration 
in the level of albumin, globulin or the total protein 
in the serum (E.B.); that a rise in the serum albumin 
is not always associated with diuresis (E.M. (2) and 
A.R.). A marked rise in serum globulins is not 
associated with diuresis (C.I. (2)). The patients in 
whom the best results were obtained were those in 
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whom the greatest increases in serum albumin 
occurred in the 16 days after treatment (D.M., 
D. McG. and E.B. (2)). These alterations are 
illustrated in Fig. 1 where three typical examples 
are shown: the first, D.M., had a brisk diuresis and 
has since been well; the second, D. McG., had a 
diuresis and relapsed; and the third, E.M., had no 
diuresis. The first two had a marked rise in serum 
albumin and fall in serum globulins which was 
permanent in the case of D.M. 


D.M. 


D.MCG. 


EM. 





A=ALBUMIN, a=ALPHA GLOBULIN, 








Other Observations 

Serial eosinophil counts were completed on 11 
occasions; very marked falls occurred during therapy 
in all except one (P. McD. (2)) and the levels rose 
again when treatment was stopped. The plasma 
cholesterol concentration was increased in two cases 
and diminished in ten. In all of the five cases where 
diuresis occurred the cholesterol level was lower 
16 days after treatment than before (Table 3). The 
packed cell volume was estimated before, during and 


16/365 After 


3/12 After 


A 











B=BETA GLOBULIN, y=GAMMA GLOBULIN 


Fic. 1,—Electrophoretic pattern of serum proteins in relation to treatment with A.C.T.H. 
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TABLE 3 
EFFECT OF A.C.T.H. ON PLASMA CHOLESTEROL 





Plasma Cholesterol 
(mg. per 100 ml.) 





—| Diuresis Relapse 





AtEnd_ 16 Days 
Before of after 
ACTH. | ATR. A.C.T.H. | 
D.M.(1) .. 388 596 72 | 0 
J.N. (1) im 241 208 208 | - 0 
E.B. (1) 7 557 554 438 + 
E.B. (2) oad 470 436 160 0 
D. McG. (1) 486 220 224 + 
D. McG. (2) 410 660 — 0 
E.M. (1) pa 296 460 411 0 
E.M. (2) - 411 351 — 0 
E.M. (3) i — 368 — 0 
P. McD. (1).. 334 228 229 0 
P. McD. (2) 229 172 182 0 
CL@ 473 733 731 0 
cL @ 731 654 459 0 
H.D. (1) 630 400 460 0 
A.R. (1) 513 259 335 0 








after treatment and little alteration occurred in any 
case, indicating that the fluctuations in total serum 
proteins, albumin, globulins and cholesterol could 
not be explained by alteration of the total plasma 
volume unless the total red blood cell volume altered 
pari passu. The erythrocyte sedimentation rate was 
high in all cases and was not altered by treatment 
except in the two children D.M. and E.B. (2) in 
whom albuminuria and oedema have now been 
absent for six months; in each of these it had re- 
turned to normal levels three months after treatment. 


Comparison of the Effects of A.C.T.H. and Cortisone 
Treatment 


The cortisone-treated cases previously reported 
(Arneil and Wilson, 1952) have since been augmented 
in numbers, and 15 courses of this hormone have 
now been given to nine cases of nephrosis. These 
15 courses provoked diuresis on 10 occasions in this 
small series, whereas A.C.T.H. produced diuresis 
in five out of 13 courses given to nephrotic patients 
with marked oedema. (Two courses of A.C.T.H. 
were given (P. Mc.D. and P. McDz..) when little 
oedema was present.) The extent of the diuresis was 
best judged by loss of weight which ranged up to 
10 kg. in each group. The duration of the apparent 
loss of oedema did not differ significantly in the two 
groups. Two of the cortisone-treated cases and two 
of the A.C.T.H.-treated cases have had remissions 
lasting more than six months; such occurrences may 
well have been fortuitous. 

A striking difference between the two groups was 
the time of onset of diuresis. This did not occur in 
any of the cortisone-treated group until after the 
administration of the hormone had ceased, whereas 
in ail the cases treated successfully with A.C.T.H. 
diuresis started during the administration of the 


hormone and an acceleration occurred when treat- 
ment was stopped. Since cortisone was given for a 
standard period of five days it is not possible to say 
that diuresis would not have occurred had treatment 
been continued longer. However, this finding has 
also been recorded by McCall, Ross, Wolman, 
Burns, Harpur and Goldbloom (1952) and Luetscher, 
Deming and Johnson (1951), who found that 
diuresis did not occur during the administration of 
cortisone. Although diuresis was provoked by these 
hormones on 15 occasions in all, only in five instances 
did loss of oedema persist for more than six months 
and in one of these five children albuminuria 
remained present. 

In both groups the albuminuria became aggravated 
during treatment and decreased when hormone 
therapy was stopped, but on three occasions during 
A.C.T.H. treatment the albuminuria lessened 
sharply. On 25 occasions the albuminuria lessened 
and later returned to the former gross levels. It 
appears, therefore, that treatment with either 
A.C.T.H. or cortisone may temporarily affect the 
albuminuria in some way which is apparently 
unconnected with diuresis. This fact is encouraging 
since it suggests that these hormones may have some 
influence, however indirect, on this basic part of the 
disease. Similar alterations in serum proteins were 
produced by both hormones, the tendency being to 
increase the serum albumin level and reduce the 
serum globulins after treatment; that is, to return 
the pattern towards normal. The rise in level of 
albumin appeared to be most marked in cases which 
responded by diuresis. 

Both A.C.T.H. and cortisone tended to cause a 
rise in the cholesterol level of the plasma during 
hormone therapy and a fall when hormone therapy 
was stopped, to be followed by a return to the 
former high levels if the nephrotic state returned. 
These findings only partly agree with the results of 
Conn, Vogel, Louis and Fajans (1950) who suggested 
that the level of plasma cholesterol was depressed 
by A.C.T.H. therapy due to a fall in cholesterol 
esters used to form cortisone. Adlersberg, Schaefer 
and Drachman (1950) suggested that cortisone 
therapy has a ‘sparing effect’ on cholesterol esters 
and causes a rise in plasma cholesterol. They also 
noted hypercholesterolaemia when A.C.T.H. was 
given for a prolonged period and this appears 
contradictory to the findings of Conn. Wolfson, 
Beierwaltes, Robinson, Duff, Jones, Knorpp and 
Eya (1950) have obtained evidence to suggest that 
such a rise in cholesterol on A.C.T.H. therapy may 
result from a depression of the activity of the 
thyroid gland secondary to reduced secretion of the 
thyroid stimulating hormone of the pituitary gland. 
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Toxic Effects of Hormone Treatment 


The toxic effects resulting from these hormones 
are worthy of note. In the A.C.T.H. group sterile 
abscesses developed in three cases; large, fluctuating 
and painless, they formed insidiously at the site of 
injection. Precordial pain was complained of by 
two patients and diarrhoea occurred on one occasion. 
A major complication occurred in E.B. (2) who 
suddenly developed status epilepticus on his nine- 
teenth day of A.C.T.H. therapy (80 mg. daily). He 
was 8 years old and had no previous history of 
convulsions. The cerebrospinal fluid was cytologic- 
ally and chemically normal but the serum potassium 
was at the very low level of 3-2 mEq. per litre despite 
the oral administration of 3 g. of potassium chloride 
throughout hormone treatment. Electrocardio- 
graphic tracings confirmed the potassium deficiency 
and both the serum level and the E.C.G. were 
rapidly restored to normal by the administration 
of 13 g. of potassium chloride by gastric tube. 
Despite adequate and prolonged sedation with 
intramuscular paraldehyde the boy continued in 
deep coma, with intermittent convulsions for 72 
hours; throughout this period no hypertension was 
present. He gradually returned to consciousness and 
developed a psychopathic personality vaguely 
reminiscent of the post-encephalitis state, which is 
slowly disappearing. 

The advent of convulsions in patients receiving 
A.C.T.H. or cortisone has been recorded on several 
occasions in the United States. Sprague (1951) 
mentions four such patients who had convulsions 
and two others who progressed to coma and died. 
The necropsy finding in one of these consisted of 
degeneration of the cells of the cerebral cortex but 
in another fatal case treated with cortisone there 
was a terminal bronchopneumonia at necropsy and 
congestion of the brain with no abnormalities of the 
neurons (Geppert, Dietrick, Johnston and Lind 
1952). Other cases have been recorded by Lowell, 
Franklin, Beale and Schiller (1951) and Dorfman, 
Apter, Smull, Bergenstal and Richter (1951) and 
were noted to have alkalosis and hypopotassaemia 
(as had our case) but one must conclude that some 
direct action of the hormones on the cerebral cortex 
is involved. In the cortisone group low-grade 
cellulitis of the trunk, unassociated with injection 
sites, occurred in two cases but on each occasion 
was easily controlled by penicillin treatment. 


The Mechanism of Action of A.C.T.H. and Cortisone 
in Relieving Oedema 

In considering the mechanism by which A.C.T.H. 

and cortisone relieve the oedema of nephrosis it is 

necessary to consider the process of oedema forma- 


tion. Whatever the lesion existing in the nephrotic 
patient may be, it is in some way related to the g: oss 
albuminuria which is presumably due to a functional 
or an organic defect in the nephron. The levec! of 
plasma albumin is lowered due in part to this renal 
loss but also to decreased synthesis, possibly in an 
effort to reduce loss of albumin. When the albumin 
level in the plasma falls, a marked reduction occurs 
in the osmotic pressure of the plasma. In these 16 
cases of nephrosis the average osmotic pressure 
exerted by the serum proteins was only 8-6 mm. Hg 
as opposed to the normal of 30-9 mm. Hg (using 
the formula of Govaerts as employed by Rennie, 
1933). The concentration of chloride ions in the 
plasma then rises in an effort to maintain osmotic 
equilibrium (Gamble, 1947). This results in the 
retention of salt and water with formation of oedema 
which is presumably produced by an increased out- 
put of salt-retaining hormone from the adrenal 
glands and of antidiuretic hormone from the 
posterior pituitary gland. Any process which 
diminishes the production of these hormones should 
reduce the salt and water retention and cause loss 
of salt and water from the body with diminution 
of the oedema. If the underlying process of albu- 
minuria with low plasma albumin content persists 
such loss of oedema will only continue for as long 
as endogenous hormone output is reduced: the 
oedema will then recur. 

It has been shown beyond reasonable doubt that 
the administration of large doses of cortisone reduce 
output of hormones and atrophy of the adrenal 
glands (Sprague, 1951; McIntosh and Holmes, 1951) 
and it is important to remember that this effect of 
diminishing hormone output applies not only to the 
11-oxysteroids but to all other cortical hormones as 
well. When cortisone is given, a diminished output 
of 17-ketosteroids can be detected in the urine and a 
beneficial effect occurs in cases of the adrenogenital 
syndrome (Bishop, Bray, Mowbray, Merivale and 
Vaughan-Morgan, 1952). A diminished output of 
cortisone may be demonstrated by the poor eosino- 
penic response to A.C.T.H. administration. The loss 
of sodium and chloride resulting from diminished 
activity of the salt-retaining hormones has been 
clearly demonstrated by Luetscher et a/. (1951). 
Since D.O.C.A. is fifty times as potent a retainer of 
sodium as cortisone (Salassa, Sprague, Power and 
Mathieson, 1950) it seems likely that the sodium- 
retaining fraction, too, must be affected. In the days 
succeeding the sudden stoppage of cortisone the 
adrenal is unable to respond quickly by increasing 
hormone output, and it is in this critical period that 
the loss of sodium, chloride and water may cause a 
disappearance of the nephrotic oedema. This con- 
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A.C.T.H. IN NEPHROSIS 


ception of the mode of action of cortisone is shown 
diagrammatically in Fig. 2. 

It appears that this mechanism may be concerned 
in many of the well known methods of producing 
diuresis. Such forms of stress as acute pyogenic 
infection, measles, malaria, burns, scalds or the 
administration of nitrogen mustards should theoreti- 
cally all provoke an outflow of adrenal hormones to 
be followed by a sudden decrease and a consequent 
diuresis. It has been known for many years that 
diuresis does in fact occur after such acute incidents. 
It should be emphasized that the mechanism of 
adrenal depression is purely an action on sodium 
and water metabolism independent of plasma 
protein and is basically physiological. 

A similar mechanism can be suggested as an 
explanation of the diuresis which follows treatment 
with A.C.T.H. Such exogenous A.C.T.H. boosts 
the endogenous adrenal output and the 11-oxy- 
steroids in turn depress the pituitary gland. When 
treatment is suddenly stopped the adrenals cease to 
excrete hormones until the depressed pituitary 
recovers its functional state. The result once more 
is a transient reduction in adrenal hormone output 
for a period of several days after hormone therapy 
stops. This explanation is satisfactory so far as it 
goes but does not account for the occurrence of 
diuresis during A.C.T.H. therapy. Several explana- 
tions have been advanced by Thorn, Merrill, Smith, 
Roche and Frawley (1950) to explain this pheno- 
menon. They suggested that renal ‘tubular fatigue’ 
may result from a sustained high level of 11-oxy- 
steroids or that these hormones may indulge in 
competitive inhibition with the desoxycortico- 
sterone-like hormones, or that increased glomerular 
efficiency may occur during A.C.T.H. therapy. 
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None of these explanations appears completely 
satisfactory and we suggest that, just as A.C.T.H. 
in some way depresses the function of the anterior 
lobe of the pituitary, so does it depress the posterior 
lobe, with consequent diminution in circulating 
antidiuretic hormone and resultant water diuresis. 
It has been shown that such a sequence of events 
occurs when pitressin is given to nephrotic patients 
(Robinson and Farr, 1940). The finding of an excess 
of antidiuretic substance in the systemic blood of 
nephrotic patients (Barlow, 1952) encouraged us in 
this speculation. The investigation of this problem 
leading to the identification and analysis of a 
peptide in nephrotic urine, closely resembling 
posterior pituitary hormone, has been published 
elsewhere (Arneil and Wilson, 1953). 


Summary and Conclusions 


The value of A.C.T.H. and cortisone in provoking 
diuresis in nephrotic patients has been confirmed. 
The effect of these hormones on various clinical and 
biochemical findings was investigated. The diuresis 
is usually evanescent and the mechanism involved is 
discussed. 

These results suggest that hormone therapy is at 
least as good as any other form of treatment at 
present available for nephrosis. Cortisone treatment 
gave better results than A.C.T.H.; it caused 
diuresis more frequently, had fewer toxic effects and 
was effective when given orally. 


It is with pleasure that we thank Professor Stanley 
Graham for his advice and criticism on this work and we 
are indebted to him and to Dr. J. H. Hutchison, O.B.E., 
for allowing us to investigate cases under their care. 





BEFORE CORTISONE | DURING CORTISONE 





PITUITARY GLAND 


xr40 > 


s ADRENAL 


DOCAS--—) GLAND 


/ 
IZKs, © 


CORTISONE 


OEDEMA 





OEDEMA 








WITHDRAWAL PERIOD RESTITUTION 

¢ & 
ej A: 
ri on 
T} 
aoc “A OCAe— . 

yee, / 
axe” 
CORTISONE 





DIURESIS RELAPSE 











Fic 


Suggested explanation of diuresis following administration of cortisone. The term ‘DOCA‘’ is used here to refer to human sodium- 


retaining hormones and not to the synthetic substance deoxycorticosterone acetate. 





378 


REFERENCES 


Adlersberg, D., Schaefer, L. E. and Drachman, S. R. (1950). J. Amer. 
med. Ass., 144, 9 

Arneil, G. C. eb Wilson, H. E. C. (1952). 

Childhood, 27, 322 

— (1953). Bool 1, 568. 

Barlow, A. D. (1952). Archives of Disease in Childhood, 27, 299. 

Bishop, P. M. F., Bray, B. M., Mowbray, R. R. de, Merivale, W. H. H. 
and Vaughan-Morgan, J. (1952). Lancet, 1, 1287. 

Conn, J. W., Vogel, W. C., Louis, L. H. and Fajans, S. S. (1950). 
J. Lab. clin. Med., 35, 504. 

means a Apter, N. S., Smull, K., Bergenstal, D. M. and Richter, 

B. (1951). J. Amer. med. ASS., eae 

oun I . (1947). Chemical Anatomy, Physiology and Pathology 

of Extra-Cellular Fluid, 5th ed., ch. 41. Harvard University 


Archives of Disease in 





Press. 

Geppert, L. J., Dietrick, A. C., Johnston, E. H. and Lind, C. J. 
(1952). Amer. J. Dis. Child., 84, 416. 

Lowell, F. C., 


Franklin, W., Beale, H. D. and Schiller, I. W. (1951). 

New Engl. J. Med., 244, 49. 

Luetscher, J. A., Deming, Q. B. and Johnson, B. B. (1951). J. clin. 
Invest., 30, 658. 

McCall, M. F., Ross, A., Wolman, B., Burns, A. D., Harpur, E. M. 
and Goldbloom, A. (1952). Archives of Disease in Childhood, 


27, 309. 

McIntosh, H. W. and Holmes, C. B. (1951). Lancet, 2, 1061. 

Rennie, J. B. (1933). Quart. J. Med.,, n.s. 2, 521. 

Robinson, F. H. and Farr, L. E. (1940). Ann. intern. Med., 14, 42. 

Salassa, J., Sprague, R. G., Power, M. H. and Mathieson. D. R. 

50). J. Lab. clin. Med., 36, 983. 

Sprague, R. G. (1951). Vitam. and Horm., 9, 263. 

Thorn, G. W., Merrill, J. P., Smith, S., Roche, M. and Frawley, T. F. 
(1950). Arch. intern. Med,, 86, 319. 

Wolfson, W. Q., Beierwaltes, W. H., Robinson, W. D., Duff, I. F., 
Jones, J. R., Knorpp, C. T. and Eya, M. (1950). J. Lab. ciin. 
med., 36, 1005. Quoted by Sprague (1951). 


Case Reports 


D.M., aged 21 months, became oedematous on 
April 28, 1953, and was admitted to hospital 10 days later. 
His weight was 12:3 kg. and he had 12 g. of albumin 
per litre of urine. Little ascites was present and the blood 
pressure was 100/70 mm. of mercury. The urine con- 
tained occasional casts but no red blood cells. 

A course of 50 mg. A.C.T.H. daily for 12 days was 
started on May 20. The oedema and albuminuria in- 
creased during therapy but then fell before the hormone 
was discontinued. Diuresis and lessening of albuminuria 
were very marked when the hormone was discontinued. 
He was discharged home on June 7 with slight oedema, 
no albuminuria and a normal plasma protein pattern. 
The plasma cholesterol level fell to 254 mg. per 100 ml. 
and six months later he was very well and had no oedema 
or albuminuria and a normal E.S.R. 


J.N.,a boy, aged 64 years, was noted to have oedema and 
was admitted to hospital in April, 1951. Ascites and albu- 
minuria amounting to 16 g. per litre were present. The 
urine contained a number of hyaline and granular casts 
but no red blood cells. The blood pressure was 90/50 mm. 
Hg. Despite a low-sodium diet the oedema continued 
to increase and a five-day course of 100 mg. cortisone 
twice daily was started. Next day a small haematemesis 
occurred, and four days later a low-grade skin infection 
in the lumbar region appeared and was controlled by 
penicillin therapy, After cortisone was stopped diuresis 
occurred and the degree of albuminuria markedly 
lessened. 

The albuminuria gradually returned but the boy 
remained practically free of oedema until July, 1951, 
when the oedema, ascites and gross albuminuria returned. 
He remained at home with persisting oedema and 
albuminuria until April 20, 1952; anascarca then became 
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more pronounced and he was readmitted to hospital. 
His blood pressure at this time was 110/80 mm. He and 
the total serum proteins had fallen to 3-06 g. per 100 mi. 
(albumin =0-28 g.). A course of A.C.T.H. (50 mg. daily 
for 12 days) was given, during which period his weight 
and the albuminuria at first increased and decreased: 
both these symptoms lessened markedly when hormone 
therapy was discontinued. The albuminuria rapidly 
returned and remained until December, 1952, although 
the boy was still free of oedema. The serum proteins 
returned towards the normal pattern but did not attain 
normal levels, while the cholesterol fell to 208 mg. per 
100 ml. of plasma. 

E.B. was a boy aged 11 years when admitted on 
April 17, 1952, with oedema and ascites. He was noted 
to have albuminuria amounting to 12 g. per litre, with 
occasional casts, but no red blood cells, in the urine. 
His blood pressure was 110/70 mm. Hg, and he weighed 
34 kg. A course of A.C.T.H. (40 mg. daily for 12 days) 
was begun on April 22. At the beginning of treatment 
oedema increased, but then began to decrease and finally 
disappeared two days after A.C.T.H. was stopped. The 
albuminuria was little altered during treatment but 
diminished markedly after the hormone was stopped, 
only to return in a few days, as the oedema worsened 
again. A course of cortisone was given intramuscularly 
and a transient diuresis and loss of albuminuria followed 
this. A second course of cortisone was given as soon as 
oedema began to reform; this accelerated the rate of 
oedema formation but another temporary diuresis 
followed cessation of therapy. A third course of cortisone 
was given, this time orally, and diuresis, dramatic but 
evanescent, once again occurred. It was then decided to 
give a course of A.C.T.H. in a large dosage continued 
over a long period. The hormone, 80 mg., was given 
intramuscularly each day with 2 g. potassium chloride. 
This decision to continue treatment for a long period was 
an endeavour to confirm and study the partial diuresis 
and loss of albuminuria previously noted to have occurred 
while A.C.T.H. was being given. On the seventh day of 
treatment diuresis and lessening of albuminuria were 
obvious. By the tenth day only a trace of albumin was 
present in the urine, but oedema was increasing again 
although the total serum proteins, and particularly the 
serum albumin, had markedly risen. The blood pressure 
was 125/95 mm. Hg. The boy’s condition appeared 
excellent when, quite suddenly, he lapsed into a series of 
severe sustained convulsive seizures which could only 
be controlled by very large dosage of paraldehyde intra- 
muscularly. He lapsed into coma and for 72 hours death 
appeared imminent. Lumbar puncture yielded normal 
results. Potassium chloride, 13 g., was given by gastric 
tube in the next 10 hours and the electrocardiogram and 
serum potassium level rapidly returned to normal. The 
blood pressure was 120/90 mm. Hg. After 72 hours in 
coma the convulsions slowly subsided and over a period 
of a further 72 hours he slowly regained consciousness. 
Over a period of ten days he gradually began to swallow, 
to sit up and to speak. His intelligence appeared to have 
suffered little, but a marked deterioration in temperament 
and behaviour was noted, reminiscent of the post- 
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encephalitic states or of frontal lobe damage. While 
these alarming occurrences were taking place a very 
marked diuresis had occurred and the albuminuria had 
completely disappeared. By December, 1952, he had no 
albuminuria, ascites or oedema, a normal electrophoretic 
serum protein pattern and a plasma cholesterol level of 
162 mg. per 100 ml. It is hoped that this heroic treatment 
has permanently cured the nephrosis. His behaviour has 
improved considerably since his discharge and he was 
well in April, 1953. 


D. McG., a boy aged 21 months, healthy until 
January 14, 1952, developed oedema and albuminuria 
with some ascites, all of which persisted despite two 
months’ rest in bed at home. On March 7 he was 
admitted to hospital and was then found to weigh 
17:4 kg., to have marked oedema and ascites, 10 g. of 
albumin per litre of urine (Esbach) and a blood pressure 
of 100/70 mm. Hg. A few red blood cells were in the 
urine. The total protein content of the serum was 4-5 g. 
per 100 ml. (albumin 0-75 g., globulins 3-75 g.) and the 
plasma cholesterol level was 486 mg. per 100 ml. The 
patient was unable to see on account of the oedema of 
the eyelids. He was put on a low-sodium diet and on 
March 15 A.C.T.H. treatment was started. He became 
cyanosed and had precordial distress during treatment, 
although the blood pressure was not raised. An erythe- 
matous patch appeared on the abdominal wall at this 
time. During the latter part of A.C.T.H. therapy a small 
loss in weight occurred and by April 4 the oedema had 
disappeared and the albuminuria markedly decreased. 
The child continued to be very well with no oedema and 
less than | g. of albumin per litre until May 26 when he 
contracted chickenpox. He was sent to a fever hospital 
and while there the oedema and gross albuminuria 
returned, and the total serum proteins fell to 3-64 g. 
per 100 ml. By July 23 the oedema was again gross and 
he was readmitted to hospital. A second course of 
A.C.T.H. (10 mg. four times daily for 12 days) was given 
but this time no diuresis occurred. On September 1 he 
developed pneumococcal empyema, peritonitis and 
meningitis, and died two days later despite adequate 
treatment with antibiotics. 


E.M., a girl aged 3 years, was admitted to hospital on 
April 1, 1952, one month after the onset of oedema, 
marked albuminuria and ascites. The blood pressure was 
9055 mm. Hg and the urine contained no red blood cells 
and few casts. She was given a low-sodium diet for four 
weeks then, as the oedema was increasing, a 12-day course 
of A.C.T.H. (40 mg. daily). A slight fall in weight (1 kg.) 
occurred about five days after treatment was stopped but 
this was considered to be too small to be significant. 
Two further courses of A.C.T.H., each of 12 days’ 
duration (40 mg. A.C.T.H. daily on the first occasion and 
60 mg. A.C.T.H. on the second occasion) were given with 
no diuresis and only a transient alteration in the quantity 
of albuminuria. The cholesterol levels remained elevated 
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P. McD. was a girl aged 6 years when, on May 1, 1952, 
she was found to have albuminuria. No improvement 
resulted from rest in bed at home for eight weeks. She 
was kept under close observation both in the ward and 
as an out-patient for a further period of a month and 
was then found to have clinically detectable oedema 
(minimal) for the first time. Her blood pressure was 
95/70 mm. An urea concentration test was normal (urea 
concentrated to 3-19 g. per 100 ml.). Throughout this 
period the serum albumin level had been diminished 
with consequent reversal of the normal albumin/globulin 
ratio and lowering of the total serum proteins. 

Despite the absence of gross oedema she was thought 
to have nephrosis and on August 17 the first course of 
A.C.T.H. (40 mg. daily for 12 days) was given. During 
treatment her weight rose by | kg. and albuminuria 
increased considerably. After A.C.T.H. she returned to 
her original weight and the albuminuria became less than 
before treatment for a period of two weeks. Her plasma 
cholesterol fell but the serum proteins were not markedly 
altered. On September 22nd, 1952, she was started on a 
second course of A.C.T.H., this time 80 mg. daily for 
12 days, with an essentially similar result. This time, 
however, the serum proteins rose to 7-67 g. per 100 ml. 
after treatment and the albumin level was 4-06 g. per 
100 ml. The plasma cholesterol fell to 172 mg. per 100 ml. 
and one week after A.C.T.H. the albumin content of 
the urine had fallen to less than 1 g. per litre. Albu- 
minuria persisted for six months later but no oedema was 
present. 


C.I. was a healthy girl, aged 12 years when oedema of 
legs and eyelids, with ascites, was noted on May l, 
1952. Two weeks later she was admitted to hospital. 
Her urine contained 12 g. of albumin per litre and a 
number of casts and a few red blood cells were in the 
sediment. Her blood pressure was 115/80 mm. and she 
weighed 31-8 kg. She was given a diet low in sodium 
for three weeks and then a course of A.C.T.H. (40 mg. 
daily) for 12 days. No improvement occurred in her 
clinical condition, or in her albuminuria. A second 
course was started on June 25, 1952, with no better 
result; her oedema and albuminuria worsened while 
she was receiving A.C.T.H. and improved temporarily 
thereafter. Hypertension developed in October, 1952, 
but her gross oedema, ascites, albuminuria and bio- 
chemical upset remained unaltered until her death in 
February, 1953, from left heart failure. 


H.D., a boy aged 43 years, developed oedema on 
March 9, 1952, albuminuria was noted on March 14, 
and he was admitted to hospital three days later. He 
weighed 22-0 kg., his blood pressure was 106/65 mm. Hg 
and very marked oedema and ascites were present. The 
urine contained 12 g. of albumin per litre, a number of 
casts and 24,000 red blood cells in a 12-hour specimen. 

A 12-day course of intramuscular A.C.T.H. (40 mg. 
daily) was begun on March 23 with 2 g. of potassium 
chloride by mouth. No diuresis occurred, nor were the 
abnormal biochemical findings materially altered. The 
albuminuria very markedly increased during treatment 
and, although it decreased when the A.C.T.H. was 
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stopped, was more marked after treatment than before. 
A five-day course of cortisone (300 mg. per day) was 
followed by a very marked diuresis, with loss of albu- 
minuria for a short period and less than 2 g. per litre 
of urine thereafter. The serum proteins rose to 8-4 g. 
per 100 ml. (albumin 5-628 g.) and the plasma cholesterol 
level fell to 168 mg. per 100 ml. His blood pressure was 
80/40 mm. of mercury. He was dismissed home with no 
oedema but persisting albuminuria. Slight oedema was 
present on September 23 and this slowly began to 
increase in amount. On November 11 he was readmitted 
with a recurrence of gross oedema and albuminuria and 
a return to the previous abnormal biochemical findings 
in the blood. He had bacterial pneumonia and this was 
followed by a transient diuresis. 


A.R., a boy aged 3 years, developed oedem: on 
February 1, 1952, was admitted to hospital on Mai ch 6, 
and found to have slight oedema with ascites. The urine 
contained a few casts and red blood cells and the albumin 
content amounted to 10 g. per litre; the blood pressure 
was 105/65 mm. Hg. A.C.T.H. treatment was staried on 
March 15 and 100 mg. was given daily for 12 days, 
Little alteration occurred in his weight but the albu- 
minuria was at first increased, then lessened on A.C.T.H., 
and markedly decreased after treatment was stopped. 
The albuminuria later returned and the oedema increased, 
ascites developing later. The electrophoretic pattern of 
the serum proteins returned towards normal after treat- 
ment but later relapsed. When last seen in December, 
1952, he was grossly oedematous and had marked 
albuminuria and ascites. 











a ee ee eee ee ee ee ee ee ae ee ee 7) 





on 
h 6. 
rine 
min 
sure 
lon 
ays, 
lbu- 


ed, 
sed, 
1 of 
eat- 
ber, 
ked 





THE RESPONSE OF ACUTE ANTERIOR 
POLIOMYELITIS TO THE ADRENERGIC BLOCKING 
AGENTS AND HOT PACK THERAPY 


BY 


WILLIAM W. WHITTEN and JAMES G. KRAMER 
From the Department of Pediatrics, Children’s Hospital, Akron, Ohio 


(RECEIVED FOR PUBLICATION JUNE 3, 1953) 


The therapeutic approach to poliomyelitis thus far 
must concern itself with the relief of so-called muscle 
spasm and the prevention of deformities. Since the 
advent of the modern concept of muscle spasm there 
has been a general trend toward the use of hot pack 
therapy, because it is thought that spasm is an 
inherent pathological mechanism within the muscle 
itself (Pohl, 1942, 1947) essentially divorced from 
the central nervous system, and therefore: local 
therapy is the most rational approach. 

The mechanism of muscle spasm has _ been 
attributed by various authors to meningeal irritation, 
irritation of the posterior horns and _ ganglia, 
shortening of the antagonistic muscles (Moldaver, 
1943), vasoconstriction from sympathetic hyper- 
action (Smith, Rosenblatt and Limauro, 1949 ; 
Guyton, 1949) and involvement of the internuncial 
cells of the spinal cord (Kabat and Knapp, 1944). 
Bodian has produced muscle spasm in experimental 
animals. Examination of the central nervous system 
has shown involvement of the reticular formation 
of the hindbrain, the vestibular nuclei, precentral 
gyrus and the roof nuclei of the cerebellum (Bodian, 
1946, 1947, 1949). In this regard it has been sug- 
gested by Faber that the primary site of viral 
invasion is the peripheral ganglia of the upper 
respiratory and alimentary tracts with involvement 
of the brain (Faber, 1950). 

The identification and definition of muscle spasm 
has been the subject of much discussion. Pollock 
and his group of neurologists (Pollock, Boshes, 
Finkelman, Chor, Hiller, Brown, Arieff, Liebert, 
Tigay, Schiller and Sherman, 1949) found no 
evidence of spasm in a large series of cases observed 
clinically. Laboratory evaluation of muscle spasm 
by the use of action potentials has given conflicting 
conclusions. Harell, Mead and Mueller (1950) 
Studied 100 cases and observed persistent electrical 
activ ty in only two cases while Schwartz and 
Bou ran (1942) and Bouman and Schwartz (1944) 


found it was quite common with the same type of 
studies. The weakness of all this work appears to be 
the technique used, and until some more applicable 
method is found the presence of true spasm will be 
open to conjecture. Certainly in most cases of 
poliomyelitis muscle spasm can be demonstrated 
clinically. Smith and his associates have proposed 
that muscle pain and spasm in most cases is due to 
an imbalance in the autonomic nervous system 
whereby the sympathetic nervous system dominates 
the homeostatic mechanisms of the body (Smith, 
Graubard, Goldstein and Bikoff, 1948). Together 
with the pathological evidence cited above, the 
occurrence of urinary retention, constipation, vomit- 
ing, tachycardia, hypertension, cyanosis and 
decreased temperatures of the extremities, and 
excessive diaphoresis suggests a sympathetic pre- 
dominance. With this reasoning they treated acute 
cases of poliomyelitis with ‘priscoline’, an adrenergic 
blocking agent, in an attempt to relieve muscle pain 
and spasm without the use of hot packs. As their 
investigation was an uncontrolled pilot study, we 
have sought to investigate in a controlled series the 
efficacy of ‘priscoline’* (2-benzyl-4, 5 imidazoline) 
hydrochloride and ‘dibenamine’+ (N, N-dibenzyl-b- 
chloroethylamine). 
Method 


The patients selected for study were those in the 
acute stage who showed a suggestive history of 
poliomyelitis, definite pleocytosis in the spinal fluid, 
and signs of severe muscle spasm with or without 
paralysis. Ten per cent. had respiratory or bulbar 
involvement or both, the remainder being of the 
spinal type. Subjective resting pain was evaluated 
by careful questioning of the adult patients. Changes 
in the tightness of the muscles were measured by 
serial goniometric determinations, including flexion 


* Ciba Pharmaceutical Products, Inc., Summit, New Jersey, U.S.A. 
” + Smith Kline & French Laboratories, Philadelphia, Pennsylvania, 
BA 
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of the neck and back, straight leg raising and 
extension of the leg on the thigh. These were per- 
formed by the same observer and noted on special 
charts together with the occurrence of urinary 
retention and constipation. Laboratory examination 
included examination of the urine and complete 
blood counts at least once a week. 

Some evaluation of the blood flow in the muscles 
was deemed of importance in order to investigate 
the status of the vascular system before and after 
treatment, and for this purpose a Leeds and 
Northrop recording potentiometer was used. Iron 
constantan thermocouples in No. 19 2 in. needles 
were inserted in the muscle at a 45° angle. The skin 
thermocouples were secured to the skin with adhesive 
tape. Although it was not possible to have a room 
maintained at a constant temperature, frequent 
Observations on the room temperature were made 
and a cradle was placed over the patient’s extremi- 
ties. The patients were not in a strictly basal state 
but recordings were made after a control period of 
half an hour before therapy was instituted. Pulse 
and blood pressure readings were taken every 15 
minutes for the first two hours, then every four hours 
for two days. Oscillometric indices were also done 
in a limited number of cases in an attempt to 
evaluate the state of the large vessels. 

Because of the nature of the cases used for the 
study it was impossible to assign each case in 
rotation to a particular group. Also, with the 
exception of a few cases a control group was not 
studied. 

‘Dibenamine’ to be effective must be given intra- 
venously since extravasation into the tissues causes 
necrosis, therefore only older children (over 12) and 
adults were included in this group. The group 
treated with ‘priscoline’, on the other hand, encom- 
passed children ranging from 1 year of age and 
adults. The group treated with hot packs had a 
wide age range. 

Consultation with the physical therapy depart- 
ment was held on most of the cases so that a full 
evaluation of the different groups might be accom- 
plished. 


Dosage 


Priscoline. Arbitrarily the children under 10 
years of age were given 25 mg. of ‘priscoline’ intra- 
muscularly for the first dose, and this was increased 
by 12-5 mg. increments every four hours until a 
cutaneous flush appeared. Children over 10 years 
of age were started at 50 mg. with the same increase 
in dosage for two to three days, when the oral route 
was exchanged for the intramuscular route at the 
same dosage. The biggest dose given in this series 


was 150 mg. every four hours. It was noted thiat 
most cases had to have persistent increases in 
‘priscoline’ to maintain the so-called ‘flushing’ efiect 
which was presumed to be the maximum possible 
therapeutic result. 

Dibenamine. All patients received 6 mg. ‘dibena- 
mine’ per kg. of body weight intravenously. Since 
this agent is a cerebral cortical stimulant, 1{ to 
33 grains of sodium amytal was given intravenously 
before ‘dibenamine’ was given. Utilizing a double- 
bottle intravenous set, in which one bottle contained 
the ‘dibenamine’ mixture with saline and the other 
plain saline, a needle was introduced into the vein 
after the plain saline had been run through the 
tubing to eliminate any unnecessary extravasation 
of ‘dibenamine’. With the intravenous saline flowing, 
sodium amytal was injected into the tubing but was 
not given into the ‘dibenamine’ solution as it tends 
to precipitate. The ‘dibenamine’ was run at 80 drops 
per minute, and following its administration 50 ml. 
of saline was run through to flush out the vein and 
thereby eliminate most of the danger of thrombo- 
phlebitis. Blood pressure and pulse readings were 
taken every half hour for four hours, every four 
hours for two days, and once a day thereafter. 


Clinical Results 


A significant statistical comparison of the results 
of all forms of therapy—hospital stay, ultimate 
disability, etc.—was impossible because of the small 
series of cases treated; however, certain impressions 
were received from this limited group and, since 
other studies of this nature have not been reported, 
the results should be interesting. 

Hot Packs. Although 82 cases were treated with 
hot packs only 25 cases were sufficiently severe to 
be worth evaluating. In most cases pin packs were 
used from six to 12 hours a day, being left on one to 
two hours. In regard to pain, the rapidity of relief 
following hot packs compared with drug therapy 
was not overly impressive. It should be noted, 
however, that severe pain was present in only six 
of the 25 cases in this group. The relief of muscle 
spasm has been observed to be less rapid than in 
those cases which were successfully treated with 
drugs; .however, a larger percentage showed definite 
improvement over a long period. 

Priscoline. A group of 33 cases was treated with 
‘priscoline’ and the overall age distribution was 
approximately the same as those treated with hot 
packs. In regard to relief of pain, all but three of 
the 24 cases who had moderate to severe pain were 
relieved within four to eight hours after the institu- 
tion of therapy. It was our impression that in certain 
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cases where large amounts of various analgesic 
agents were used, the use of ‘priscoline’ was far 
superior for the relief of this type of subjective pain. 
The results of the treatment for muscle spasm were 
quite variable. Some cases responded dramatically 
at first, only to have a remission of symptoms within 
four or five days, while others progressed towards 
complete improvement. Another group did not 
show any appreciable change despite persistent 
therapy. A fourth group which did not react to 
‘priscoline’?’ showed a favourable response to 
‘dibenamine’. In general it can be said that about 
half of all the cases treated with ‘priscoline’ showed 
an improvement which was sufficiently definite not 
to be attributable to the natural course of the disease 
and was sufficiently favourable to warrant the use 
of this drug. 

Dibenamine. Dibenamine has not been previ- 
ously used in the treatment of acute poliomyelitis 
and therefore our impression of the 27 cases treated 
awaits further evaluation. The relief of muscle pain 
within one hour of the initial intravenous dose 
paralleled that of ‘priscoline’ in that 13 of the 16 
cases with pain were relieved. In some cases the 
pain would return in 48 to 96 hours after therapy, 
indicating the length of action of the drug and the 
fact that disappearance of pain was not spontaneous. 
Muscle spasm, as with those cases treated with 
‘priscoline’, reacted in various ways and from a 
statistical point of view did not show any great 
difference. It was thought, however, that ‘dibena- 
mine’ was, in a certain number of cases, superior 
to ‘priscoline’. The favourable results from a 
numerical point of view would have been greater 
in the ‘dibenamine’ group had repeated intravenous 
rather than oral doses been given since the oral 
method is almost completely ineffective. It was not 
until most of the cases had been treated, however, 
that repeated intravenous injections were given at 
two-to-three day intervals. Therefore an evaluation 
of prolonged therapy cannot be made now. Because 
of the tentative nature of these two drugs from a 
therapeutic point of view, approximately one-half of 
the cases were eventually given hot pack therapy. 
In many cases, although the actual extent of mobility 
was not increased as determined by the goniometer, 
the presence of stretch pain was either eliminated 
or diminished in intensity. The relief of this type of 
pain appeared to us to be of greater degree than that 
observed when hot packs had been used. In these 
cases carly physical therapy could be instituted. 

Toxicity. ‘Priscoline’, although relatively non- 
toxic. did produce anorexia, nausea or vomiting in 
abou’ 20° of the cases. This was of little consequence 
carly in the treatment as the intramuscular route 


was utilized. However, when, because of local pain, 
the oral route was chosen gastric irritation did 
occur. There were also other reactions, such as 
chilling and headache, but in few cases. It was often 
noticed that flushing of the skin would disappear 
following two or three days’ therapy, and from this 
reaction and the return of muscle pain and spasm 
it was felt that tolerance might have developed to 
this drug. Four bulbar cases and one encephalitic 
case showed no unusual or untoward reactions. 

The toxicity of ‘dibenamine’ was shown in local 
reactions, in the gastro-intestinal system and in the 
central nervous system. Local pain during injection 
was not uncommon but thrombophlebitis occurred 
in only three cases. Nausea and vomiting were 
uncommon, the latter occurring in only two cases, 
following intravenous medication. No convulsive 
seizures occurred but gross tremors did occur in 
four patients, one of whom needed 15 grains of 
sodium amytal intravenously before the shaking 
ceased. The nasal mucosa became swollen in five 
cases. Reduplicative para-amnesia occurred in one 
case but lasted only four hours. Tachycardia and 
orthostatic hypotension were not observed. Myopic, 
fixed pupils were noticed in a majority of cases for 
about one day. Three bulbar and three respiratory 
cases given the drug showed no toxic reactions. 

Oral ‘dibenamine’ was given the third day after 
the intravenous dose in amounts varying from 260 
to 980 mg. divided in thirds and given after meals. 
The dosage was calculated empirically as 50% 
greater than the intravenous medication. Oral 
atropine was given before meals in order to decrease 
the nausea and vomiting, which nevertheless 
occurred in two cases. 


Laboratory Studies 

To date little work has been done on the physi- 
ology of muscle pain and spasm. Since it has been 
postulated that muscles in spasm may be the result 
of tissue ischaemia on a vaso-spastic basis, we 
explored this possibility by measuring the blood 
flow in muscle so that the rationale of increasing 
the circulation might be maintained. For this 
purpose the muscle and skin temperatures were 
studied together with oscillometric indices. We did 
not examine a large number of patients with the 
oscillometer for in all of them there was no diminu- 
tion of the diameter of blood vessels as measured 
by this method, as opposed to the observations of 
Smith et al. (1948). Indeed, it was noted that 
following ‘priscoline’ therapy the oscillometric index 
in certain cases decreased. We were unable to explain 
this paradoxical result and felt that this method of 
evaluation was too gross to establish any facts. 
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Muscle temperature studies were done on a con- 
tinuously recording Leeds and Northrop ‘speedo- 
max’ potentiometer. The three groups of muscles 
investigated were ‘spastic’, partially or completely 
paralysed, and normal. Determinations were run 
from three to eight hours, and the effect of three 
methods of therapy on three groups of muscles 
was investigated. It was interesting to note that 
the so-called spastic muscles had a greater muscle 
temperature (99-3° F.) than the normal (98-2° F.) 
and that the temperature of paralysed muscles 
(99-2° F.) fell between these two. Secondly, the 
response to all forms of therapy was greater, in 
terms of increase in muscle temperature, in weak 
muscles. The mean duration of increased muscle 
temperature was 115 minutes for hot pack therapy, 
135 minutes for ‘priscoline’, and 218 minutes for 
‘dibenamine’. ‘Dibenamine’ maintained the eleva- 
tion for at least eight hours during the longest tests, 
and clinically the symptoms indicated a duration of 
48 to 96 hours. The greatest increase in muscle 
temperatures was noted following treatment with 
‘priscoline’ (2-0° F.) although the difference 
between the mean increase is of little practical 
importance. In studying individual muscles the 
greatest increase in temperature was noted following 
hot pack therapy (5-4° F.). Skin temperature studies 
were of interest only in a relative sense because the 
patients were not in a true basal state, and secondly, 
because a constant temperature room was not 
available. The mean increase was greater following 
‘dibenamine’ (2-5° F.) than ‘priscoline’ (1-9° F.). 


Discussion 

It is obvious that determinations of temperature 
in muscle do not differentiate between blood flow 
in the tissues and metabolism. Therefore it cannot 
be said unequivocally that spastic and paralysed 
muscles do not have a decreased blood supply. 
However, it does seem evident that the amount of 
ischaemia cannot be of any great significance from 
a vaso-spastic point of view. It is, of course, 
paradoxical that a higher temperature was found in 
spastic muscles, and it is suggested that this may be 
a result of the increased tissue metabolism from the 
contractions of the muscle fibres in spasm. If this 
is true, even if the main arterial supply is unaltered, 
the tissue needs may be of such intensity as to cause 
relative ischaemia in muscle. By increasing the 
blood supply with packs or vasodilators, we may 
be relieving this relative ischaemia and either supply- 
ing the necessary oxygen for re-oxidation of lactic 
acid to glycogen or removing the oxidation waste 
products, thereby eliminating their presence which 
may contribute to the pain of this disease. 


The second paradoxical result of this work wis 
the greater increase in temperature of the weak 
muscles following therapy than in either spastic or 
normal muscles. Also, it is to be wondered why 
paralysed muscles have a higher temperature before 
therapy than normal muscles. It is thought that ihe 
fibrillation in completely or partially denervated 
muscles increases tissue metabolism (Best and 
Taylor, 1950) and therefore temperature, and that 
this was occurring to a sufficient extent to create a 
higher temperature than was observed in normal 
muscle. The increase in temperature following 
dosage of ‘priscoline’ and ‘dibenamine’ might be 
rationalized by the fact that fibrillation of muscle 
fibre is thought to result from a hypersensitivity to 
acetylcholine. Since these adrenergic blocking 
agents enhance the action of acetylcholine the 
fibrillation may be increased following these drugs, 
and therefore an increased temperature results. The 
fact that the weak muscles responded similarly 
following hot pack therapy is statistically insigni- 
ficant and needs further investigation. 

Although results of this initial work shed some 
light on the conflicting views which have been 
proposed, it is evident that further physiological 
studies are indicated before the final thoughts on 
these matters will be known. 


Summary 

Relief of severe subjective pain at rest is practically 
always accomplished within one-half to eight hours 
with ‘priscoline’ or ‘dibenamine’ whereas packs are 
much less effective and take considerably longer. 

Relaxation of muscle spasm with drug therapy 
was either quite definite or completely absent, 
suggesting that more than vaso-spasm may be 
involved aetiologically. At least 50% of the cases 
responded favourably enough to eliminate the need 
for hot packs. 

Although actual limitation of mobility might still 
remain after drugs in some cases, stretch pain in 
muscle was frequently eliminated, permitting early 
physical therapy. 

Initial improvement with drugs in some cases was 
superseded by more severe spasm in five to six days. 
In those cases tested with ‘dibenamine’ this was 
found to result from the use of the oral route which 
is ineffective. 

Early active and passive motion within the limits 
of pain must be instituted with drug therapy if 
favourable results are to be obtained. 

Genito-urinary and gastro-intestinal dysfunctions 
were unaltered by any form of therapy. 

No severe toxicity was observed with either drug: 
however, the use of ‘dibenamine’ is not without 
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SUMMARY OF CLINICAL RESPONSE IN ACUTE POLIOMYELITIS TO DIBENAMINE, PRISCOLINE AND HOT PACKS 
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danger. It must be used with caution, with careful 
observation of the patient during administration. 

In general, drug therapy is worthy of trial in most 
cases of poliomyelitis as the presence or lack of 
response will be quickly evident. Thus early use of 
hot packs, if necessary, will not be delayed. 

In this study, the muscles in poliomyelitis with 
the greatest temperature were those in spasm, 
followed by weak and then by normal muscles. 

Response to therapy in terms of temperature of 
muscle was greatest in the case of weak muscles. 

No abnormally low skin temperatures were 
observed and the response to ‘dibenamine’ was more 
marked than to ‘priscoline’. 

In terms of muscle temperature the effective 
therapeutic response was greatest in the case of 
‘dibenamine’ followed by ‘priscoline’ and by hot 
packs. 

No obvious absolute ischaemia in muscle was 
noted, but it is suggested that increased tissue 
metabolism may create a relative anoxia which may 
be relieved by an increase in blood flow. Hyper- 

\sitivity of denervated muscles to acetylcholine 


may be enhanced by adrenolytic agents and therefore 
explain the marked temperature increase following 
therapy. 

Further studies on tissue metabolism and blood 
flow are indicated before an adequate explanation 
will be available for muscle spasm and pain. 
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OBSERVATIONS ON PYURIA IN CHILDREN 
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(RECEIVED FOR PUBLICATION MAY 12, 1953) 


The diagnosis of renal tract infection rests upon 
the recognition of symptoms and the demonstration 
of pyuria. The bacteriology of catheter specimens 
of urine can support this diagnosis but can never 
form its basis as contamination occurs so readily. 
In acute infections symptoms are usually prominent, 
but in chronic pyelonephritis, where the infection 
may be low grade but persistent, symptoms may be 
minimal. The diagnosis in such cases depends on 
the demonstration of pyuria which may be modest 
and intermittent. To know the difference between 
a high normal excretion of leucocytes in the urine 
and a low-grade but significant pyuria is therefore 
crucial. 

It is our belief that the customary method of 
measuring pyuria by counts per high or low power 
microscope field is so crude that only gross amounts 
can be distinguished, and an undue reliance on the 
method will lead to many cases of renal tract 
infection being overlooked. There is, moreover, a 
lack of agreement in interpreting results when only 
a few cells are present. Campbell (1951) writes in 
his textbook that ‘there is no accepted standard of 
what constitutes an abnormal amount of pus in the 
urine specimen as commonly examined. Consider- 
able difficulty may arise in differentiating between a 
high normal exudate of leucocytes and mild pyuria.’ 
He considers that in an uncentrifuged catheterized 
specimen 3 to 5 cells per low power field are within 
normal limits. Craig (1935) could not find more 
than | cell in 10 to 15 high power fields when 
examining urines of newborn infants. On the other 
hand, many authors believe that at least 6 to 8 cells 
per high power field should be present before the 
diagnosis of significant pyuria is justified. Much of 
the literature on the subject has been reviewed by 
Hepler and Scott (1935) who point out that various 
arbitrary limits of normal are given with no indica- 
tion of the method of collection or examination, 
and that there is no report of a systematic study that 
would definitely confirm or refute many of the 
assumptions that appear in the literature on the 
subject. 
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An Addis count of pus cells in urine is more 
precise than the microscope field method. The range 
of such counts in normal children has been measured 
by Lyttle (1933) who made observations on 74 
children aged between 4 and 12 years. Giles (1947), 
using the same technique with 20 normal children, 
obtained similar results (Table 1). The upper limit 
of normal may be taken as about 2 m. epithelial and 
white blood cells in 12 hours or 4 m. a day. Yet 
although the significance of results obtained by 
Addis counts on children can thus be judged fairly 
confidently, the method has the grave disadvantage 
that it is cumbersome to perform and so quite 
impracticable for everyday use. 


TABLE | 
ADDIS COUNTS IN NORMAL CHILDREN 








Author | Range of White Blood Cells in 12 Hours | Average 
Lyttle 9,000—2,822,000 322,184 
Giles 9,000— 714,000 329,500 


| 





A third way of measuring pyuria is to count the 
number of cells in a known volume of urine. The 
technique, which was described by Block and Nyun 
(1916) and doubtless by others before, is easy to 
perform and, in our experience, quicker than 
microscope field counts. After the specimen has 
been well shaken, a drop is transferred to a Neubauer 
counting chamber and a count made of the number 
of cells in a cubic millimetre. Dukes (1928a and b), 
who examined in this way about a thousand uncen- 
trifuged specimens of urine from normal men and 
women, concluded that under 10 cells per c.mm. 
was normal while over 100 cells was definitely 
pathological. He found counts usually over 
500 per c.mm. in acute, and between 100 and 500 
in chronic, renal infections. 

During the last four years we have used the 
counting chamber method for measuring pyuria 
and we believe it to be the method of choice as it 
is accurate, simple to do, and the results are easily 
interpreted. We have found it to be invaluable in 
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PYURIA IN CHILDREN 


the detection of slight but significant pyuria. Before 
considering the findings 
in renal tract infections 
the range of pus cell 
counts per cubic milli- 
metre in the urines of 
normal children must 
first be known. 
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Pus Cell Counts (per 
c.mm.) in the Urines of 
632 Normal Children 


We were interested 
primarily in urines 
naturally voided and 
uncentrifuged such as 
are routinely tested in 
the clinical sideroom. 
Furthermore we wished 
to know the significance 
of any pyuria in sick 
rather than healthy 
children, so specimens 
were collected from 
children who were in 
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hospital but who did not 
have any known or 
suspected renal tract 
disease. They were 
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considered ‘normal’ as regards the renal tract. A maxi- 
mum of 10 specimens was obtained from each child 
and in most cases where a urine was found to contain 
more than 10 cells per c.mm. a catheter specimen was 
taken for examination and culture. Counts were 
made of the number of pus cells per cubic millimetre 
in each urine tested; epithelial or other cells were 
ignored. 

The findings for boys are given in Table 2 and 
Fig. 1. One thousand one hundred and forty-two 
specimens were tested from 359 subjects. It will be 
seen that 98% of the specimens contained 10 or 
fewer cells per c.mm., and indeed the majority had 
either zero counts or but | per c.mm. The remaining 

%, that is 21 specimens, had over 10 cells per c.mm., 
but only once were there more than 50 per c.mm. 
Allowing for the fact that more urines from infants 
than other age groups were tested, Table 2 shows 
that the results did not differ for various ages. 
It seems that urines from normal boys usually 
contain under 10 cells per c.mm., and, in the absence 
of disease of the renal tract, it is rare to find over 
50 cells per c.mm. 

Table 3 and Fig. 2 show the results for girls. 
One thousand and sixty-seven specimens were tested 
from 273 subjects. As with boys, most (84°%) 
specimens contained 10 or fewer cells per c.mm., 
but higher counts were encountered more often in 
girls. Sixteen per cent. of the specimens had over 
10 cells per c.mm., while in 2°% the counts exceeded 
100 cells per 
c.mm,. This 
increased 
incidence 


0 2 3 4 5S 6 7 8 9 10 ~50 -100 Over of higher 
counts. did 
Pus cell counts per c.mm. not apply to 

Fic. 1.—Histogram of percentage frequency of urine pus cell counts per c.mm. in normal boys, 


TABLE 2 
PUS CELL COUNTS IN UNSEDIMENTED, NATURALLY VOIDED, URINES FROM BOYS WITHOUT RENAL TRACT DISEASE 











Agein No. of No. of }$3—— — —— —— ——_ ——_ — 
Years Subjects Specimens 0 1 2 3 4 >|ely 

14 l 4 4 

13 1 10 6 3 1 

12 3 18 12 3 1 

11 14 55 39 | II z 2 1 

10 6 35 33 2 

9 21 48 40 4 2 1 1 

8 19 92 65 | 16 7 2 2 

cj 19 88 62 | 12 6 3 1 1 

6 23 77 62 8 4 1 1/1 

5 24 64 45 8 os 3 3 

4 21 84 64 «19 1 

22 63 47 5 4 5 2 

2 17 51 26; 9 6 4 2 f't) 1 

l 41 105 60 | 20 9 7 1 3 
l 1 127 348 181 | 66 | 37 | 19 | 12; 11 | 4);2 
I 359 1,142 


Pus Cell Counts per c.mm. 
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TABLE 3 


PUS CELL COUNTS IN UNSEDIMENTED, NATURALLY VOIDED, URINES FROM GIRLS WITHOUT RENAL TRACT DISEA3E 





! 


Pus 


Cell Counts per c.mm. 


Age \No. of No. of ——— — —- ——— — —_——_————_——————————————_—————_— Eee 








in Sub-  Speci- 

Years| jects | mens 01',1/2;3'4'5/16;7);81|9 |10 
13 2 a | 41:3 | 2 a 1 2 
12 8 ge ji2 i8:\-2 2 1 1 
11 5 am teietais Be 1 
10 12 46 18,':7);5;4)1 1 
9 20 SF 25:18 )13\14;'612);12;2/1 4 
8 17 69 23 |10'4)7) 5 312 2 
7 12 40 16|'8)|2| 2 2122 
6 22 M3. 56 419 18) 5) 21216121 3:|\2 
5 15 “26. 17 TOLLS 1 Bi S191 2148/2 2 4 
4 15 oe mei eit a is) 2) 2) tae a 
3 13 36 «(17 (21/2/22 2 4 
2 27 oo @)|8)3/7\'6\5;4 2 
1 30 6 S312 14) 7/2) 213 13 ab. 

Onder 
1 75 209 98 3417 117 10 8, 2)|3|4]|6 

1,067 


Totals 273 


-30 -40 -50 -60 -70 -80 -90 —100-150 200 -250 -300 -35( 

1 1 

2 1 

1| 2 1 i 1 
2 1 1 

*| 4] a1 1 1] 1 1 

2 1 i] 1 

8,6 2 i 4 3| 4] 1 1 

3/3, 3] 2 2 i] 1 

3,14, 2] 3/1 1 a ee 

3 1 

4/3 3/1 

$| 2 1 i 1 

si 1 1 

121 29) 20 _ 





female infants, only 5° of whose specimens showed 
more than 10 cells per c.mm. and 0-5% more than 
50 cells. We believe that baby girls have urine pus 
cell counts similar to those found in boys, while older 
girls may have higher counts although it is rare in 
the absence of renal tract disease to find over 500 
cells per c.mm. and more than 100 per c.mm. should 
be regarded with suspicion. 

We tried to find out a little about the circum- 
stances under which occasional pus cells counts 
exceeding 10 per c.mm. occurred in children with 
normal renal tracts. Such counts tended to be 
repeated in successive specimens from the same 
child; thus the 21 
examples in boys came 
from only 15 subjects 
and the 170 in girls from 
84 subjects. In the case 
of boys there was usually 
fever at the time that the 
specimen with the higher 
count was passed, 
whereas with girls fever 
was as Often absent as 
present. If a count 


30 j 


exceeding 10 cells per 
c.mm. was found in the 


Percentage number of cases 





Pus cell counts per c.mm. 
Fic. 2.—Histogram of percentage frequency of urine pus cell counts per c.mm. in normal girls. 





urine from a girl, we tried, when possible, to 
get her to void naturally another specimen and 
immediately afterwards a catheter was passed 
and the residual urine in the bladder drawn 
off. A comparison was then made of counts 
on the two specimens (Table 4). In some cases 


TABLE 4 


COMPARISON OF PYURIA IN SPECIMENS OF URINE AS 
PASSED WITH IMMEDIATELY FOLLOWING CATHETER 
SPECIMENS IN GIRLS 





Cell Counts per c.mm. in Urines 








As Passed | Catheter [| As Passed | Catheter | As Passed Catheter 

0 0 10 0 68 0 

0 10 3 70 | 
0 0 12 z 98 3 
1 0 13 16 100 ] 
2 0 16 4 132 6 
2 0 25 1 133 2 
3 0 y 4 3 160 10 
3 5 28 0 171 0 
3 8 49 0 223 5 
5 0 52 0 294 2 
7 0 58 0 306 2 

64 0 











neither specimen contained a significant number of 
cells, but in the majority a further high count was 
found in the naturally passed urine contrasting with 
few or no cells in the catheter specimen. Only once 
was a significantly higher count found in the 
residual 
urine. It 
thus appear- 
ed that in 
girls the 
higher 
counts were 
most often 
due to con- 
tamination 
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in the urethra or vulva. Similar comparisons have 
not been made with boys owing to the infrequency 
of their counts exceeding 10 cells per c.mm., but 
urethral contamination must be uncommon and we 
have only come across it once—in a boy with 
paraphimosis who had 390 cells per c.mm. in his 
urine. 

Besides knowing the normal limits for pus cell 
counts in naturally voided urines it is important to 
know also the findings in catheter specimens in girls. 
We have therefore examined urines obtained by 
catheterization from 100 girls over a year old who 
did not have disease of the renal tract. The results 
are as expected; the highest count obtained was 
41 cells per c.mm., the next 16 cells per c.mm. and the 
rest were all below 10 per c.mm., being usually 0 or 1. 
It thus appears that pus cells counts in catheter 
specimens of urine from normal girls do not differ 
from those found in non-catheter specimens from 
boys or infants of either sex. If then, there is doubt 
about the significance of a count in a naturally 
voided urine from a girl over a year old, a catheter 
specimen may clarify whether or not the excess of 
cells is due to contamination, especially if it can be 
shown that at the time the catheter is passed 
abnormal numbers of cells are still present in an 
ordinary specimen. 


Correlation of Estimates of Pyuria by Cubic Milli- 
metre Counts with those of Other Methods 


Our findings of pus cell counts per c.mm. in 
normal children agree closely with those found by 
Dukes (1928a and b) in adults. Some further 
evidence for the validity of the observations may be 
deduced from Addis counts. If the few epithelial 
cells that may be found are disregarded and the 
Addis count assumed to be only of pus cells, then 
for a maximum normal excretion of 4 million 
leucocytes a day the cell count per cubic millimetre 
can be calculated for various daily outputs (Table 5). 
The figures agree with those actually found. 


TABLE 5 


CALCULATED COUNTS FOR A MAXIMUM NORMAL 
ADDIS COUNT OF 4 MILLION LEUCOCYTES A DAY 





Count (per c.mm.) 





400 ml. 10-0 


600 ml. 6-6 
800 ml. 5-0 
1,000 ml. 4-0 


—— | 





_ An attempt was also made to correlate the counts 
in C.:m. with those found per high power microscopic 
field. and in 50 specimens counts were made by the 
two methods. There were considerable difficulties 


owing to the inaccuracies of the microscope field 
counts. These varied widely with the thickness of 
the drop held by the coverslip, and when only a few 
cells were present it was difficult to avoid over- 
lapping fields. However, Table 6 shows that an 
average of one cell in each high power field of 
uncentrifuged urine is very approximately equivalent 
to some 250 to 500 cells per c.mm. We are led to 
the striking conclusion that, except in girls over a 
year old, an average count of more than one cell 
in 10 high power fields seldom occurs under normal 
conditions. 
TABLE 6 


COMPARISON OF COUNTS PER CUBIC MILLIMETRE AND 
PER HIGH POWER FIELD 





| 
Cells in 50 High Average per 





Number Tested | Cells per c.mm. Power Fields —S 

ie 

8 2,000—5,000 70—1,166 1-23 

10 1,000-2,000 | 29— 818 < 1-16 

4 500-1,000 | 55- 99 l- 2 

8 200— 500 | 6— 216 <1l-4 

6 100— 200 2- 18 <1 

7 50— 100 I- 10 <i 

7 oO 50 1- 12 <i 





Urine Pus Cell Counts per Cubic Millimetre in 
Pathological Conditions of the Renal Tract 


Having considered the limits of excretion of 
leucocytes under normal conditions, we turn now 
to some aspects of our findings in pathological 
conditions. In acute pyelonephritis symptoms are 
usually striking, and the diagnosis is readily con- 
firmed by a gross pyuria. It is in chronic pyelo- 
nephritis, when symptoms may be slight and appar- 
ently unrelated to the renal tract, that the recognition 
of less obvious pyuria is so important. We have 
studied 41 infants with chronic pyelonephritis. In 
all cases symptoms had been present for three weeks 
or more, and the diagnosis was based on a con- 
sistent clinical picture with no other demonstrable 
disease, pyuria and, in most cases, positive urine 
cultures. 

There are two points emerging from this study 
which we wish to emphasize. The first is that in 
many of these cases pyuria was slight. Table 7 
shows the maximum count found in each case. 
If such counts had been found by the microscopic 


TABLE 7 


MAXIMUM PYURIA FOUND IN 41 INFANTS WITH CHRONIC 
RENAL TRACT INFECTION 











Pus cells | over 
per c.mm. 50-100 -200' —300 | -500 -—1,000 -—2,000 —5,000 —5,000 
Number 

of cases 2 6 6 8 6 , 6 2 5 
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pyuria was found in most instances 
in one of the first two specimens 





examined, this was by no means 
always so as Table 8 shows. In the | 
most striking case in the series, an 
infant with a very suggestive history 
and no previous treatment, 10 speci- 


excess of cells being found and the 
eleventh specimen contained only 63 
cells perc.mm. Yet a later specimen 
contained over 1,200 cells per c.mm. 
and so the diagnosis was confirmed 
beyond all doubt. In practice it fol- 
lows that whenever pyelonephritis is 
suspected on clinical grounds, speci- 
mens of urine must be examined 
repeatedly. We cannot state how 
many negative examinations are 





mS 2a 2s @ F. 2S SP eH 


Age in months 


Fic. 3.—Weight chart of case of chronic pyelonephritis with slight pyuria, showing 


response to treatment. 


field method, and | or 2 cells per high power field 
accepted as normal, then the majority and certainly 
those with less than 1,000 cells per c.mm. would 
not have been recognized at all. Even if an average 
of 1 cell in 10 high power fields was accepted as the 
upper limit of normal then, owing to the uncertain- 
ties of the method, many would still have been 
missed. No other method than the one employed 
could have revealed the significance of the pyuria in 
the two cases where the highest count was between 
50 and 100 cells per c.mm. 

The second point is that pyuria was not constant, 
the cell count varying widely in successive specimens. 
This is not a new observation. Geisinger (1931) 
drew attention to the intermittency of pyuria in 
pyelonephritis even when the infection was acute. 
It is important to allow for this intermittency if the 
mistake of ruling out a renal tract infection on the 
strength of one or even several normal urines is to 
be avoided. In our cases, although significant 


TABLE 8 


FIRST SPECIMEN OF URINE TESTED CONTAINING 
SIGNIFICANT PYURIA IN 41 INFANTS WITH CHRONIC 
RENAL TRACT INFECTION 


| Specimen Tested 
| Ist | 2nd | 3rd | 4th’| Sth | 6th | 7th 


Cases with no pre- |<< —__—_—_-—___|—— 











11th 








vious therapy Siw} & ria s 1 1 
Cases with pre- | 
vious therapy 5 0 1 1 1 { | 


{ I 





needed to exclude infection con- 
fidently: this is bound to depend 
upon the circumstances. 
Significant pyuria is not confined 
to renal tract infections although 
its demonstration is necessary for their diagnosis. 
It may also be found in other circumstances 
and was, for instance, consistently present in 
22 infants with hyperchloraemic renal acidosis 
whom we studied (Table 9). The maximum 


14 15 16 


TABLE 9 


MAXIMUM PYURIA FOUND IN 22 INFANTS WITH 
IDIOPATHIC RENAL ACIDOSIS 











Pus cells 
perc.mm. 50-100 -200 -300 -500 —1,000 | —2,000 -5,000 
Number 
of cases 2 4 5 6 3 | 2 





counts were similar to those found in chronic 
pyelonephritis but on an average lower. As renal 
acidosis may be clinically indistinguishable from 
chronic pyelonephritis the diagnosis depends on the 
appropriate biochemical investigations which need 
to be made in all cases with pyuria. 


Conclusion 


In this paper we have made a plea for the con- 
sistent use of more accurate criteria in the investiga- 
tion of possible chronic renal tract infections. We 
believe that with the data we have provided it !s 
possible, in most cases, to make a confident diagnosis 
of pyelonephritis. Nevertheless, as there can be no 
critical figure for pus cell counts in urine, above 
which there is infection and below which there !s 
not, one is bound occasionally to encounter difficult 
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border-line cases. The most frequent problem is that 
of a baby with a clinical picture suggestive of 
pyelonephritis but without significant pyuria. If 
10 urines from such a case are completely free of 
pus, in spite of continuing symptoms, we reconsider 
the diagnosis. But if there are several counts of 
10 to 20 cells per c.mm. we examine further speci- 
mens, if necessary over a long period. If the clinical 
picture is really suggestive of pyelonephritis, we 
have accepted one count above 100 cells per c.mm. 
as confirming the diagnosis, at any rate sufficiently 
to warrant a therapeutic trial. The following case 
helps to illustrate this. 


A baby girl aged 9 months had a 10-week history of 
symptoms very suggestive of chronic pyelonephritis. 

Apart from slight wasting there were no abnormal 
physical signs, and the blood chloride and alkali reserves 
were normal. The first four urine specimens examined 
contained 0, 3, 0 and 113 pus cells perc.mm. Although 
a catheter specimen of urine after this contained only 
4 cells per c.mm. and was sterile, she was given a routine 
course of sulphadimidine. She improved rapidly, becom- 
ing free of symptoms within a week, and there was no 
relapse during nine months’ follow-up. Fig. 3 shows 
her weight graph. 


In this case the evidence of pyelonephritis was 
slender, but the response to treatment provides a 
further basis for the diagnosis, and surely justifies 
the adoption of this policy in similar cases. 

Since this paper was written we have seen the 
article by P. L. Masters on ‘Urinary Changes in 
Infections of the Urinary Tract in Childhood ’, which 
appeared in the Guy’s Hospital Reports, vol. 102, 
No. 1, 1953. It is interesting to note the similarity 
of the conclusions reached in these two independent 
investigations. 


We are extremely grateful to Professor Sir James 
Spence and Dr. V. Smallpeice for permission to use their 
cases and for encouragement and help at different stages 
of this work. We are also greatly indebted to Dr. R. G. 
Macfarlane whose introduction of an exact estimation of 
pus in urine as a routine procedure at Oxford first drew 
our attention to the value of the method. 
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THE CLASSIFICATION OF ENURESIS 


BY 


E. M. POULTON and E. HINDEN 
From Whipps Cross Hospital, London 


(RECEIVED FOR PUBLICATION MAY 15, 1953) 


During the past three years at Whipps Cross 
Hospital we have investigated 200 children suffering 
from enuresis. We define this condition as the 
involuntary voiding of urine by distinct acts of 
micturition. There are two elements here. The first, 
that the act is involuntary, may well be governed by 
psychological factors. But before a bladder will 
empty it must be filled, so it seemed important to 
disentangle the mechanical factors which are respon- 
sible for filling the bladder. In a previous paper 
(Poulton, 1952) it was shown that children will not 
invariably wake in order to empty the bladder should 
it fill during sleep: they are just as likely to wet the 
bed. It follows that any child who excretes by night 
a quantity of urine which is more than the bladder 
can comfortably contain, is liable to enuresis. We 
soon found that most of our patients were over- 
filling the bladder. 

Further analysis showed that this imbalance might 
be due either to anomalous renal excretion, or to 
defective working of the bladder as a storehouse. 
Our classification of enuresis, therefore, has three 
main groups: Anomalies of renal secretion, 
anomalies of bladder function, and psychological 
factors. Children found suffering from overt organic 
disease have been excluded. 


Methods of Investigation 


Each child was admitted to the ward for a week. 
During the day the child passed urine whenever he 
wished, and the volume of each specimen was 
recorded. During the night the child was awakened 
every three hours to pass urine, or more frequently 
if this was found necessary to prevent wetting. 


Definitions 


Enuresis is defined as the involuntary voiding of 
urine by distinct acts of micturition. 

Day and night periods are regarded as beginning 
at 8.0 a.m. and at 8.0 p.m. 

The mean diurnal and nocturnal excretions are 
the mean volumes excreted during the day and night 
periods respectively. 


The mean 24-hour excretion is the sum of the 
mean diurnal and nocturnal excretions. 

The day-to-night ratio (D/N) is the ratio between 
the mean diurnal and the mean nocturnal excretions. 

The maximum functional bladder capacity is the 
greatest volume of urine passed in one act during 
the period of observation. 

The mean functional bladder capacity is the mean 
of all the volumes passed in separate acts during the 
day period, i.e. at times chosen by the patient. 

The N/B ratio is the ratio between the mean 
nocturnal excretion and the mean functional bladder 
capacity. This ratio indicates the number of times the 
bladder is comfortably filled in an average night 
under ward conditions. 


Normal Values 


The normal values have already been given 
(Poulton, 1952). They are based on the findings in 
18 normal children. 

The maximum functional bladder capacity in 
ounces is not less than the age in years. 

The mean functional bladder capacity in ounces 
is not less than half the age in years. 

The mean 24-hour excretion does not exceed 
under ward conditions the figure of twice the age in 
years plus 18 ounces. 

The D/N ratio is greater than 1-8. 

The N/B ratio is not greater than 2-0. 


Classification of Enuresis 


Enuresis Associated with Large Output of Urine at 
Night. The term ‘large’ means more than the 
average person of that age can be expected to hold. 

ABSOLUTE PoLyuRIA. The total volume excreted 
in the 24 hours is abnormally large, but the propor- 
tion of this excreted by day and by night is normal. 

RELATIVE NOCTURNAL PoLyurRIA. The _ total 
volume of urine excreted in the 24 hours is normal, 
but an unduly large proportion of this is excreted 
at night. Even when the disability appears to have 
been acquired, there is no evidence of organic diseasé 
as usually understood. 
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RELATIVE NOCTURNAL AND ABSOLUTE POLYURIA. 
The volume of urine excreted in the 24 hours is 
abnormally large, and in addition an unduly high 
proportion of this is excreted at night. 


Enuresis Associated with Abnormal 
Function 

RETARDATION ENuRESIS. Voluntary control of 
micturition is acquired late, and the functional 
bladder capacity is low considering the age of the 
patient. 

DEFECTIVE BLADDER SENSATION. The functional 
capacity of the bladder is not greatly below normal, 
but the bladder is emptied without premonitory 
sensation of fullness. 

ACHALASIA OF THE DETRUSOR MUSCLE. The 
functional bladder capacity is small, with resulting 
frequency and precipitancy. 

PASSIVE RELAXATION OF THE BLADDER SPHINCTER 
DuRING SLEEP. Only one case was found. 

ORGANIC LESIONS OF THE URINARY TRACT affecting 
bladder function. Such cases are excluded from this 
series. 


Bladder 


Enuresis Due to Impulses from the Higher Centres 

PsYCHOGENIC WETTING. Three cases were wet by 
day and nine cases by night. 

ORGANIC CENTRAL ENURESIS. Cases are excluded 
from this series. 


Unclassified Enuresis. There remained some 
children (15 cases) whom we could not allocate with 
certainty to any of these headings. 

Table | summarizes the numbers of each kind 
of case according to our classification. 





























TABLE 1 
CLASSIFICATION OF 200 CHILDREN SUFFERING FROM 
ENURESIS 
‘Boys Girls | Total 
A. Enuresis Associated with a Large Nocturnal 
Output of Urine 
Absolute polyuria .. os i sat oo 6 21 
Relative nocturnal polyuria Inherited | 74 34 108 
Acquired | I1 4 15 
Relative nocturnal and | 
absolute polyuria Inherited | 6 3 9 
Acquired 1 1 
Total .. me ..| 106 48 154 
B. Baw sis Associated with Abnormal Bladder | 
Function 
Retardation enuresis is 3 2 5 
Defective bladder sensation ; a 2 6 
Achalasia of the detrusor muscle 2 5 2 7 
Passive relaxation of the bladder sphincter | 1 | 1 
Total .. es col a2 7 | 19 
C. Enuresis of Central Origin 
Psychogenic day-wetting .. -| 1 2 3 
Psychogenic night-wetting ‘i 6 3 9 
Total .. ~ ee 5 12 
D. Children not allocated to any category | 9 6 15 








The Forms of Enuresis with Illustrative Case Histories 

Absolute Polyuria of Functional Origin. Enuretic 
children were assigned to this category if their 
24-hour excretion under ward conditions exceeded 
twice their age in years plus 18 ounces. The urine 
was normal chemically and microscopically, and 
reached a specific gravity exceeding 1,020. These 
children were excessively thirsty, taking water at 
least three times between each meal. In consequence 
they suffered from diurnal frequency and pre- 
cipitancy. Some were able to limit their drinks to 
meal times, with great improvement of their 
symptoms, but many were either unable or unwilling 
to do this. A family history of bed-wetting was 
common, but not invariable. 


Case 1. Allen S., aged 7 years, started having 
nocturnal enuresis at 4} years and got steadily worse. 
This was accompanied by increased drinking, especially 
in the evenings. He now has excessive evening thirst. 
His uncle is a bed-wetter at 25 years of age. On investiga- 
tion his urine was normal, and a specific gravity of 1,034 
was recorded. His mean excretion in the 24 hours was 
40 oz., of which 28-3 oz. was excreted by day, and 
11-7 oz. by night. The maximum functional bladder 
capacity was 8 oz., and the mean was 5-7 oz. Thus, 
although the volume excreted at night was not an unduly 
high proportion of the total, it was more than he had 
ever passed in one act. 


Inherited Relative Nocturnal Polyuria. In these 
children nocturnal enuresis occurs from birth, and 
from nearly all a family history of bed-wetting can 
be elicited. In some cases there are relatives who 
rise repeatedly during the night in order to void 
urine. On investigation it is found that an unduly 
high proportion of the urine is excreted during the 
night. The total 24-hour excretion varies widely, 
from quite low figures to the upper limit of normal, 
where this group merges into those cases classified 
as inherited relative nocturnal and absolute polyuria. 
Those with large fluid outputs show polydipsia. The 
functional bladder capacity may be large, but in 
half the patients it is subnormal. Frequency and 
precipitancy are present if either the functional 
bladder capacity is very low, or if the 24-hour 
urinary output is high. 


Case 2. Sylvia C., aged 9 years, was wet every night 
from birth, but had been dry by day since 2 years of age. 
She drank water twice between each two meals, and had 
precipitancy of micturition but no diurnal frequency. 
Her maternal aunt had been a bed-wetter up to the age 
of 14. Her mother, although never wet, has had to rise 
two or three times nightly all her life in order to void 
urine. 

Her urine contained no albumin or cells, and a specific 
gravity of 1,024 was recorded. In the ward she passed 
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a mean volume of 18-7 oz. in 24 hours, of which 11-6 oz. 
was passed by day, and 7-1 oz. by night. This gives a 
D/N ratio of 1:6. The greatest volume voided in one act 
was 6 oz., and the mean was 3:3 oz., indicating a low 
functional bladder capacity. 

She was instructed to void urine at increasing intervals 
during the day. After two months she voided at four- 
hourly intervals, and had had a few dry beds. After five 
months she could hold her water all day, and had no 
more wet beds. 

About half of these children will become dry after 
such bladder drill alone if this is carried out con- 
scientiously for the long period required. Others 
will be helped by administering, in addition, 
ephedrine, belladonna, or amphetamine. 


Acquired Relative Nocturnal Polyuria. These 
children have acquired nocturnal continence at the 
usual age, but have become wet at night subse- 
quently. There is usually no family history of 
wetting. In many cases the enuresis dates from an 
illness or a head injury. 


Case 3. Rodney G., aged 11 years, began to wet the 
bed at 44 years of age during an attack of whooping 
cough. Since then he had been wet every night, except 
for an occasional period of a few days. There was no 
history of bed-wetting in the family. In the ward he was 
found to be excreting an average of 16-1 oz. by night, 
and only 9-4 oz. by day. His functional bladder capacity 
was large, the maximum being 15 oz., and the mean 6:9. 
He was already in the habit of passing his water infre- 
quently by day; after nine months he succeeded in 
holding his urine for 10 hours, and at this stage was dry 
for one week in every three. Subsequently he was able 
to increase this interval to 14 hours, and has been quite 
dry for the past year. 

In this boy earlier treatment with ephedrine and 
amphetamine had failed. 


Inherited Relative Nocturnal and Absolute Polyuria. 
These patients combine the characteristics of 
absolute polyuria of functional origin and inherited 
relative nocturnal polyuria. There is a family history 
of enuresis. They are excessive drinkers and fre- 
quently have abnormally large appetites. They 
exhibit diurnal frequency and precipitancy. They 
wet many times each night and are often very 
resistent to treatment. 

Case 4. Brenda M., aged 6 years, had been wet day 


and night all her life. Her maternal uncle is a bed-wetter 
in adult life. A maternal aunt had nocturnal enuresis 


to 9 years of age. The child’s urine was free from albumin 
and cells, but the highest specific gravity reached was only 
1,015. She was found to excrete a mean volume of 33 oz. 
in 24 hours, 13-1 oz. by night, and 19-9 oz. by day. The 
D/N ratio therefore was 1:5. The maximum functional 
bladder capacity was 10 oz., and the mean value 4-1 oz. 

Six months later she was dry by day, but even after a 
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year she was unable to contain her urine for more than 
three hours by day, and was still wet every night. There 
was no response to treatment by ephedrine. 

Her maternal uncle, William J., was also investigated 
at the age of 26 years. He had been a bed-wetter all his 
life. He passed a mean volume of 32 oz. by night, and 
27 oz. by day. The maximum functional bladder capacity 
was 16 oz., and the mean capacity 7-15 oz. Thus his 
disability closely resembled that of his niece. 


Acquired Relative Nocturnal and Absolute Polyuria. 
The history of these patients resembles that of those 
with acquired relative nocturnal polyuria. 


Case 5. Pamela C., aged 8 years, had been quite dry 
by day and night from 2 to 4 years of age. At 4 years of 
age she was admitted to hospital suffering from meningo- 
coccal meningitis. On discharge home she was found 
to be wetting every night, and was never dry at night 
afterwards. When investigated she was wetting at least 
twice every night. The urine was free from cells and 
albumin, and reached a specific gravity of 1,025. In 
24 hours she excreted an average of 433 oz., of which 
273 0z. were excreted by day, and 16 oz. by night. Her 
functional bladder capacity was high for her age, but 
not high enough to contain the urine excreted at night. 
The maximum figure was 14 oz., ard the mean was 
9-1 oz. 

Treatment was by restricting drinking to meal-times, 
with no drink in the evening, and by bladder drill. 
Fifteen months later she was passing urine only three 
times in the day, and was wet only once every three 
months. 


Retardation Enuresis. In these children control 
over the excretions is acquired in the usual order of 
progression, but abnormally late. Sometimes but 
not always, other milestones are also passed late. 
The numerous incontinent mental defectives come 
into this group. 

It is suggested that nocturnal enuresis develops in 
these patients as follows. The voluntary control of 
micturition is delayed, so that by the time the 
bladder is able to respond normally to distension, the 
volume of urine excreted by night is already con- 
siderable. The interval before the bladder becomes 
attuned to holding this large volume is therefore 
longer than it would be in a less backward child; 
some in fact never learn to contain this nocturnal 
excretion. There is only occasionally a family history 
of bed-wetting; a family history of backwardness is 
less uncommon. 


Case 6. James K., aged 5 years, with no history of 
bed-wetting in the family, had always been backward. 
Although he started to walk at 9 months of age, he was 
unable to talk properly until between 3 and 3} years. 
His control of defaecation was complete at 4} years, and 
when seen at 5 years he had just become dry by day. 
He had never been dry by night. 
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Defective Bladder Sensation. This causes pre- 
cipitancy of a very particular kind. There is no 
premonitory sensation of bladder distension, so that 
a sudden explosive act of micturition occurs with 
very little, if any, warning to the patient. The result 
of this is repeated day wetting. If the functional 
capacity of the bladder is normal, there may be no 
frequency, and the child is dry at night. In many 
patients, however, the functional bladder capacity 
has remained low, and they also wet at night. These 
children therefore wet both by day and by night, 
but they show no nocturnal polyuria. 

The defective sensation may lie at the perceptual 
level rather than in the sensory tracts or end-organs. 
There is a good response to time training; if the 
bladder is emptied by the clock at such frequent 
intervals that it never becomes completely filled, the 
child quickly becomes dry by day, and subsequently 
the intervals can be slowly increased until he 
becomes dry by night. 


Case 7. Robert R., aged 7 years, with no family 
history of enuresis, suffered from precipitancy of micturi- 
tion and some frequency. All his life he had been liable 
to wet in the daytime, because he could not reach the 
lavatory in time. He was a quiet, intelligent child, and 
was not backward in development. He had started to 
use the pot at 18 months of age; he had started to 
become dry at night at 3 years, but still had occasional 
wet beds. In the ward the greatest volume passed in one 
act was 5} oz., and the mean volume was 3-2 oz. Thus 
his functional bladder capacity was a little low. There 
was no nocturnal polyuria; the mean volume excreted at 
night was 5-75 oz. His chief disability therefore was the 
brief sensory warning of impending emptying. 


Achalasia of the Detrusor Muscle. In children 
who show this condition the predominant symptoms 
are excessive diurnal frequency and precipitancy. 
The precipitancy results, not from any defect of 
sensory perception, but from failure of the bladder 
to expand further after the first sensation of fullness 
is produced. In some this precipitancy results in 
wetting by day; in others the low functional capacity 
results in wetting at night, but the volume of urine 
excreted at night is normal for the age. Frequently 
day and night wetting are both present; but if the 
nocturnal excretion of urine is low, these children 
may be dry at night in spite of the achalasia but wet 
by day. 

A family history of wetting is not uncommon, and 
relatives may give a history of frequency and pre- 
Cipitancy without wetting. 


CASE 8. Maureen P., aged 11 years, had suffered from 
Wetting by day all her life. She had been wet at night also 
until 6 years of age, but was now quite dry at night, rising 
Once or twice on many nights to void urine. Her mother 


had been a day-wetter to 14 years of age, and her father’s 
sister wet by day and night to the same age. She showed 
marked diurnal frequency, voiding urine, according to 
her parents, at least every half-hour, and receiving very 
brief sensory warning of the imminence of micturition. 
Attempts to hold back her urine voluntarily caused 
severe pain. She was a bright, intelligent child, rather 
inclined to tears. She was described as an abnormally 
large eater, but was not an excessive drinker. Her urine 
showed no abnormality and reached a specific gravity 
of 1,040. The mean volumes excreted by night and by 
day were 5-6 oz. and 16-7 oz. respectively. The greatest 
volume passed in one act was 7 oz., and the mean 
volume 3-6 oz. She therefore had a low functional 
bladder capacity, but a normal excretory rhythm. 

She was instructed to void urine every half-hour by 
the clock, and was then fully continent. 


Relaxation of the Bladder Sphincter During Sleep. 
The symptoms are of wetting at night, but also 
during the day when the child falls asleep. This 
symptom may occur in other forms of enuresis in 
children in whom either the total excretion of urine 
is large, or in whom the bladder will hold very little 
urine. Only in the following child was the excretion 
and storage of urine completely normal. 


Case 9. Maureen L., aged 5 years, with no family 
history of enuresis, had been wet all her life, wetting every 
night and by day if asleep. 

The urine was normal, and reached a specific gravity 
of 1,030. The mean 24-hour excretion of urine was 
18-35 oz., of which 6-25 oz. were excreted by night, and 
12-1 oz. by day. The maximum functional bladder 
capacity was 9-5 oz., and the mean was 4 oz. Thus there 
was no mechanical reason for the enuresis, apart from 
the relaxation of the sphincter during sleep. 


Abnormal Bladder Function Resulting from Organic 
Lesions of the Urinary Tract. This group of cases is 
discussed in textbooks of urology. 


Psychogenic Enuresis. Micturition in normal 
adults and children is often affected by emotion. 
Most strong emotions result in frequency. Similarly 
emotion may greatly increase the frequency and 
precipitancy which are prominent symptoms in many 
children with enuresis. In some children, in whom 
continence of urine has been recently acquired or 
who are continent by a narrow margin, a strong 
emotion may cause the functional bladder capacity 
to fall until enuresis appears. 

Polydipsia, and consequent polyuria, may be 
psychogenically determined. The polydipsia may be 
due to the thirst caused by the polyuria; it may also 
be due to a liking for water or other fluids, but in 
the following child it was one manifestation of an 
abnormal appetite. 
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Case 10. Janet F., aged 5 years, had been wet day 
and night from birth. She was always at the tap, drinking 
water as much as four times between each two meals. 
She had marked diurnal frequency, sometimes voiding 
urine as often as four times an hour, and marked 
precipitancy. She was very sore around the vulva from 
continual dampness. She had suffered from pica from 
2 years of age, and still carried about a piece of rag to 
chew lest she should tear her handkerchief to pieces with 
her teeth. 

She was of average intelligence, and had a very good 
appetite. Her urine was normal, and reached a specific 
gravity of 1,020. In hospital she was quite content with 
the fluids offered in the normal ward routine, and had 
a mean intake of 27-6 oz. in the 24 hours. In these 
circumstances she showed no abnormality of urinary 
excretion or storage. 


Enuresis when determined essentially and directly 
by psychogenic factors is characterized either by a 
date of onset associated with an environmental 
change or with variations in severity associated with 
environmental stresses. It is found that a family 
history of enuresis is rare in these children. In some 
there are other psychogenic symptoms, such as 
encopresis or refusal of the pot. 

Psychogenic enuresis may be either 
nocturnal or chiefly diurnal. 


purely 


Psychogenic Day-wetting. This results from fre- 
quency and precipitancy of emotional origin. The 
functional bladder capacity may be low, but is often 
found to be normal in ward conditions. 


Casel1l. Jean A., aged 7 years, with no family history 
of enuresis, had become dry by day at 1 year, and dry 
by night at 18 months of age. However, when she started 
school at 5 years she started to wet in the daytime. This 
wetting was associated with marked diurnal frequency 
(she had to leave the class twice each lesson) and with 
precipitancy of micturition. These symptoms occurred at 
school but not while she was at home. She was worried 
over her work, and not very good at it; she wet more 
often during the lessons of a teacher whom she feared. 
More recently occasional night wetting had also occurred. 

In the ward her functional bladder capacity and 
excretory rhythm were quite normal, and she was quite 
dry. It appears that her enuresis was the result of an 
Over-reaction to the emotions of worry and fear. After 
adjustments had been made at school, she became 
entirely symptom-free. 


Psychogenic Night-wetting 

Case 13. Janet P., aged 8 years, with no family history 
of enuresis, was quite dry until 5 years of age. Nocturnal 
enuresis began when she started school, and from then 
on she wet every night during the term but never during 
the holidays. She never wet by day. She was an 
intelligent girl, and good at her lessons, but she never- 
theless greatly disliked school. 

Her excretion and storage of urine were quite normal 
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when investigated in hospital. In this child there were 
no emotions of worry or fear, but she harboured resent- 
ment against her parents for sending her to school 

Organic Central Enuresis. For enuresis secondary 
to idiopathic epilepsy or to lesions of the central 
nervous system, textbooks of neurology should be 
consulted. 

Discussion 


Familial enuresis due to abnormal rates of renal 
excretion probably form one group of cases. Those 
with only relative nocturnal polyuria shade off 
imperceptibly into those with absolute polyuria and 
polydipsia in addition. Some children with absolute 
polyuria alone if they have a family history of 
enuresis may be included in the same group. In 
others an abnormal appetite for fluids may be the 
prime factor. Some children with polydipsia will 
limit their intake of fluid voluntarily, drinking only 
at meal-times, but others say they cannot do this 
because of overwhelming thirst. 

The division of children with relative nocturnal 


polyuria into two groups, in which the condition is | 


inherited and acquired, is based on the following 
findings. 

If all children with a low D/N ratio are con- 
sidered, whether the 24-hour output is excessive or 
not, there are 117 children whose symptoms have 
dated from birth, and 16 children who, according 
to their parents, had acquired continence at the usual 
age and become wet later. 

Of the 117 children who had never been dry, 92 
gave a history of enuresis or of excessive nocturnal 
micturition in the family, while 17 denied any such 
history. The family history of eight children was not 
known, most of these being adopted or deprived 
children. 

Of the 16 children who had begun to wet after 
continence had once been established, only six gave 
a family history of enuresis or of excessive nocturnal 
micturition. In nine children there was no such 
history, while the family history of one child was 
not known. In 11 of these children enuresis had 
been precipitated by a known physical factor (disease 
or injury), and in eight of these there was no family 
history of enuresis, while one was the child whose 
family history was unknown. 

There is a marked contrast between the two 
groups, those never dry, with a strong family history, 


and those who were dry for a period, becoming wet ‘ 


later on, with no family history. It suggests that 
there is a real difference between them, and that 
relative nocturnal polyuria may be acquired. 

It will be noticed that the separation between the 
groups is not complete. There are some children, 
always wet, who have no family history of enuresis. 


a 














vere 


lary 
tral 
be 


nal 
10se 
off 
and 
lute 
of 
In 
the 
will 
only 
this 


ral 
yn Is 
wing 


con- 
e or 
have 
ding 
isual 


y, 92 
irnal 
such 
5 not 
rived 


after 
gave 
irnal 
such 

was 

had 
sease 
amily 
shose 


two 
tory, 
z wel 
that 
that 


n the 
dren, 
resis. 





CLASSIFICATION OF ENURESIS 397 


It is possible that some physical factor produced a 
relative nocturnal polyuria before the normal age 
of becoming dry, so that infantile incontinence 
passed insensibly into ‘acquired’ enuresis. There are 
also six children, who became dry only to relapse 
later, who have a family history of wetting. Possibly 
they had overcome their familial disability, when a 
harmful stimulus caused them to lose control again. 
The diseases or injuries which were held to have 
precipitated nocturnal enuresis in these children 
were the following: pertussis (one case), scarlet 
fever with diphtheria (one case), scarlet fever with 
chicken pox (one case), measles (two cases), con- 
cussion (two cases), meningococcal meningitis (one 
case), poliomyelitis (one case), one case of Mantoux 
conversion associated with lassitude and fatigue, and 
one child who had an obscure affection which may 
from the story have been an encephalitis. 
Precipitancy of micturition is a symptom found 
frequently in enuretics belonging to various groups, 
often associated with diurnal frequency. It occurs 
when the interval is short between the initial desire 
and the overwhelming urge to micturate. It may be 
due to extremely rapid filling of the bladder, as in 
those with absolute polyuria, to failure of the bladder 
to relax further (achalasia of the detrusor muscle, 
Braithwaite, 1950), or to failure to perceive the initial 
sensation of bladder distension. Frequently the func- 
tional capacity of the bladder is small and the bladder 
is therefore filled very rapidly; one might expect pre- 
cipitancy also if the bladder sphincter were weak. It 
isnot always easy to distinguish between those child- 
ren who fail to perceive when the bladder is full and 


those whose bladder will not relax beyond this point. 
Sometimes, however, the latter say that attempts 
to hold back their urine result in abdominal pain. 

There is no doubt about the reality of psychogenic 
enuresis. It is not as common, however, at least in 
a general out-patient clinic, as has sometimes been 
maintained in the past. 


Summary 


An analysis of 200 consecutive cases of functional 
enuresis is described, and a classification based on 
this analysis is suggested. 

In over three-quarters of the children an unusually 
large quantity of urine was found to be excreted at 
night, far more in fact than the child ever passed in 
one act. Evidence is produced to show that this 
peculiarity may either be inherited as a physiological 
variant of the normal, or may be acquired as the 
result of certain diseases or injuries. 

Some account is given of enuresis resulting from 
abnormalities of bladder function, and also of 
psychogenic enuresis. 

Case histories are given to illustrate the various 
forms of functional enuresis. 


This investigation has meant a great deal of extra work 
for the ward sisters of the Children’s Department, and 
we wish to record our grateful thanks to Sisters Collins, 
Garland, Griffiths, Ievers, Marshall and Yalden, for 
their ready and willing cooperation. 
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The term ‘foetal ascites’ is customarily used to 
describe ascites unaccompanied by generalized 
oedema, occurring either during intra-uterine life or 
shortly after birth. The condition is generally 
ascribed in textbooks of paediatrics to congenital 
syphilis. Donald (1949) stated that the ascites 
is due to some pyogenic infection to which 
the syphilitic baby is susceptible. According to 
Paterson and Twistington Higgins (1933) either 
chronic inflammation of the peritoneal cavity 
accompanying syphilis or congenital malformations 
can be aetiological factors in foetal ascites. In an 
experience of over 8,000 young babies, I have seen 
only two cases of ascites, both associated with an 
obstruction of the lower urinary tract. It is to the 
existence of this generally neglected connexion 
between foetal ascites and congenital urinary 
obstruction that I wish to draw attention. 


Case Reports 


Case 1. A boy of 5 weeks was referred to the County 
Hospital, Hereford, on August 21, 1946, with a diagnosis 
of marasmus. The mother stated that he had been ill for 
four days only, with a cough and constipation (frequent, 
hard motions). On questioning, she agreed that the 
abdomen was prominent, and thought that this enlarge- 
ment had occurred ‘since the baby was ill’. No abnor- 
mality of micturition had been noticed. 

He was her first child, and the delivery had been 
normal. He was born at home, the birth weight being 
6 lb. 12 oz. He was breast fed for two weeks, then given 
artificial feeds. He took fluids well, but vomited once 
before admission. During the last week he had lost 
11 oz. in weight. 

On admission he was an emaciated, angry baby. The 
abdomen was grossly distended with fluid, and there was 
oedema of the abdominal wall, but none elsewhere. He 
was neither dehydrated nor anaemic. Bilateral reducible 
inguinal herniae were present, and bilateral hydrocoeles. 
No solid organs or masses could be palpated within the 
tense abdomen. There were signs of atelectasis at the 
right lung base, and a radiograph of the chest showed 
poor aeration of both bases. The abdomen was tapped 
with a Southey’s tube and a pint of clear, straw-coloured 
fluid drained. A mass could then be palpated in the right 
loin. The left kidney was not clinically enlarged. 


The ascitic fluid soon reaccumulated, and two days 
after admission a laparotomy was performed by Mr, 
Wood Power, who found gross enlargement of the bladder 
and an enlarged right kidney. No further exploration 
was made and the abdomen was closed. 

The ascites increased, respiration became embarrassed, 
and the child died four days after admission. 

At necropsy some degree of hydronephrosis on the 
left, and a gross right hydronephrosis were found 
accompanying the ascites. There were bilateral mega- 
ureters, and the bladder was enlarged up to the umbilicus. 
There appeared to be some obstruction at the uretero- 
vesical junctions. The specimen was placed in fixative 
before examination of the urethra, and was then unfortu- 
nately lost. It was suggested that the abdominal fluid 
might be urine which had leaked out from the tense right 
kidney. 

Case 2. A full term boy weighing 9 lb. 15 oz. was 
delivered at Hammersmith Hospital on November 18, 
1951. The mother was apparently fit, had had one 
previous normal child, and has since had a normal infant. 
There was difficulty in this delivery due to the size of the 
foetal abdomen, and the child was shocked at birth. 
Respiration started at ten minutes when endotracheal 
oxygen was administered, but the baby continued to 
show signs of atelectasis. He had signs of ascites causing 
enormous distension of the abdomen. There was a little 
oedema of the scrotum, but no generalized oedema or 
anaemia. No organs or tumours could be felt within the 
tense abdomen. One drop of fluid was noticed at the 
tip of the penis just before death. No other abnormalities 
were found, and he did not show the ‘potter’s facies’. 

The placenta weighed 2 lb. The mother’s blood was 
Wassermann negative, Kahn negative, Rh positive. The 
cord blood was Coombs negative. 

He died at 14 hours of asphyxia. A post-mortem 
examination was made by Dr. B. Lennox, whose findings 
are summarized as follows: 

CARDIOVASCULAR SYSTEM. Normal. 

CENTRAL Nervous System. Normal. 

RESPIRATORY SYSTEM. Partial atelectasis. 

ALIMENTARY SysTEM. Gastro-intestinal tract normal. 

The peritoneal cavity contained 750 ml. of clear, 
straw-coloured fluid. The peritoneum appeared normal. 
The tissues of the posterior abdominal wall were 
markedly oedematous, but here no actual communication 
with the peritoneal cavity was demonstrated. 

GENITO-URINARY SysTEM. Both kidneys were markedly 
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hydronephrotic, the right more than the left. The left 
measured 45 x 25 mm.; the pelvis was dilated, and the 
kidney around was reduced in thickness but retained 
much of its normal pattern. The right kidney measured 
60 « 40 mm. The renal pelvis was a mere bag surrounded 
by a 4 mm. shell of largely structureless renal tissue. It 
contained several cysts, of which one at least was cut 
into on removing the kidney. It was not certain whether 
this represented an actual communication between the 
kidney and the perinephric fat, or if it was an artefact. 

Both ureters were grossly distended and elongated, the 
right averaging 20 mm. and the left 9 mm. in diameter. 
Both were normally connected to the bladder, but a 
communication could not be demonstrated by probing, 
nor by the injection of fluid, probably because of the 
contracted state of the hypertrophied bladder. 

The bladder was empty but very thick-walled, forming 
a nearly spherical mass 28 mm. in diameter even when 
empty, and its wall averaged 6 mm. in thickness. The 
trigone appeared normal. The prostatic urethra was 
distended. On passing a probe upwards through the 
urethra it could be seen from above to run for a short 
distance within a longitudinal fold which ran downwards 
from the verumontanum to open finally at the upper end 
of this fold immediately below the verumontanum as a 
narrow, 3 mm.-long vertical slit. Although a normal 
probe could be made to pass through this slit, the structure 
would act as a valve (Figs. 1 and 2). 

The right kidney was severely damaged with complete 
loss of most nephrons. There was fibrosis but no inflam- 
mation. No major damage was seen in the left kidney. 

The cause of the hydronephrosis was thought to be a 
valvular obstruction of the prostatic urethra. 


Both these infants had ascites, bilateral hydro- 
nephrosis, with gross destruction of renal tissue on 
the right side only, bilateral mega-ureter, and 
dilatation and hypertrophy of the bladder—all 
apparently due to an obstruction of the lower 
urinary tract. The ascitic fluid was not examined 
chemically. No communication between the kidneys 
and the peritoneal cavity was demonstrated. In the 


second case the appearance of the right kidney and 
the posterior abdominal wall was compatible with 
a leak of urine. No other cause for the ascites was 
found in either case. 

The diagnosis in the second case was suspected 
from analogy with the first case. 


The Literature on Foetal Ascites 

Fordyce in 1894 collected 63 examples of foetal 
ascites, including 46 cases in which a necropsy was 
performed. The most frequent finding was evidence 
of peritonitis shown by thickening of the peri- 
toneum, adhesions, and flakes of lymph or fibrinous 
exudate. Other pathological findings, often accom- 
panying peritonitis, were recorded in 31 cases: 


Abnormality of the liver 9 (cirrhosis, gummata) 


Miscellaneous 3 (splenomegaly 1, supra- 
renal tumour |, enlarged 
pancreas 1) 


Abnormality of lower bowel, urinary 
tract or genital organs .. ae 


The latter cases may be subdivided: 


Genital or lower bowel anomalies, 


without urological defect 2 (2 female hermaphrodites, 


1 having an imperforate 
‘ ' anus) 
Dilatation of urinary tract and 


imperforate anus 8 (4 also having genital 


abnormalities) 
Dilatation of urinary tract only nik 9 

Fordyce disproved the prevalent notion that 
foetal ascites was due to syphilis. He found evidence 
of parental syphilis in only nine of his 63 cases. He 
stressed the findings of an enlarged bladder in 16 
cases, but did not state the sex of his patients. 

The significance of distension of the bladder was 
acknowledged by Birnbaum and Blacker (1912) but 
attributed to syphilis, and this opinion has been 
reiterated by later writers (Hunter, 1932). 

Dorland (1919) is now the most frequently quoted 
authority on foetal ascites. He believes that ‘true’ 
foetal ascites is due to peritonitis, but he emphasizes 





Fics. 1 and 2.—Urethral valve in an infant with ascites. 
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the importance of congenital lesions in other types. 
He describes six types of watery accumulation in the 
peritoneal cavity: (1) Accumulation of serum in the 
foetal peritoneal cavity—‘true foetal ascites’, (2) a 
collection of fluid distending the urinary tract of 
the foetus—‘retention of foetal urine’, (3) a collec- 
tion of fluid in the tissues of the foetal body—‘general 
anasarca’, (4) cystic degeneration of the renal 
structures of the foetus—‘congenital polycystic 
kidney’, (5) cystic degeneration of the foetal liver, 
(6) fluid distension of the genital tract of the foetus 
—vagina, uterus and tubes. 

Dorland’s Group | consists chiefly of cases of 
foetal peritonitis.. Group 3 may here be omitted. 
His Group 6 consists of two cases in which disten- 
sion of the genital tract was associated with imper- 
foration of the anus. In his four instances in 
Group 5 there is accompanying renal tract abnor- 
mality. Discussing Group 4, he states that the 
polycystic kidney is commonly associated with 
dilatation of the ureters and bladder. It is likely 
that in the nineteenth century cases he quotes there 
is no clear differentiation between hydronephrosis 
and polycystic kidney. Many of the references he 





ARCHIVES OF DISEASE IN CHILDHOOD 


gives concern tumours and cysts that presented as a 
differential diagnosis from ascites, but did not in 
fact accompany foetal ascites. Most of the cases 
in Groups 4, 5 and 6 can be considered with Group 2 
as cases of retention of foetal urine. 

Previous writers on foetal ascites do not mention 
the sex of their patients, a factor of major importance 
in the diagnosis and treatment of abnormalities of 
the urinary system. 

The more accessible reports are therefore reviewed 
here to determine the sex incidence, and what 
proportion of the cases are associated with lesions 
of the urinary tract. 


Discussion 


Syphilis. Syphilitic cirrhosis can cause foetal 
ascites, as in the cases mentioned by Fordyce (1894), 
Champeau (1933) records a case where the abdo- 
minal enlargement was chiefly due to hepatomegaly. 
There was only 60 ml. of ascitic fluid. 

Hunter (1932) believed syphilis to be responsible 
for the congenital defects and the ascites in his case 
of persistent cloaca. Unexplained cases of ascites 
continue to be attributed to this infection. Pinto 


REVIEW OF CASES OF ASCITES 











Apparent Cause Author Sex Remarks 
Unaccompanied by saan Tract Obstruction 
None found ..| Warren (1903) M. Neonatal death ; 
None found Gupta and Das (1931) M.S.B. 8 mths. Maternal albuminuria of pregnancy 
None found Gupta and Das (1931) M. S.B. Infant weighed 4 lb. 4 oz., placenta 2 Ib. 
Atrophy of viscera Pinto Fihlo (1949) ? sex. S.B. ‘Atrophy’ (or agenesis) of intestines, kidney and bladder 
Small kidneys Ellison (1940) ? sex. S.B. Gross examination only. Kidneys not over 3 cm. in length 
Liver disease Hunter (1932) (Case 2) ? Syphilitic cirrhosis : a 
Liver disease Bellin and Bailit (1952) F. Cirrhosis, maternal infective hepatitis; laparotomy 3rd day; 
patient alive at 20 mths. 
Peritonitis Hoffman, Sternberg and Rascoff  F. Abacterial non-syphilitic peritonitis; laparotomy 4th day; 
(1951) died 14th day ; 
Chylous ascites Hilleboe and Ziegler (1933) M. Hydrocoele aspirated 2nd day; P.M. at 6 mths.; atresia 
upper 3 of thoracic duct 
Imperforate anus Clayton and Ford (1943) ? sex on No other abnormalities found (gross examination only) 
7 mths .B. 
Accompanied by Urinary Tract Obstruction 
Type I, persistent urogenital 
sinus or cloaca: : 
Giant bladder; imperforation Gilles and Lefévre (1914) F No external evidence of sex; absent urethra, vagina, uterus 
of anus and urethra and rectum _ ; 2 7 " 
As above Spicer (1908); Hunter, Case I M. M. Hunter—positive Harrison and Fleming tests for syphilis 
(1932) 
As above - .. Gercken and Knepper (1937) M. Necrosis of liver; maternal toxaemia __ si tals 
Giant bladder; imperforate Edgecombe (1930) M Author terms urinary tract dilatation ‘idiopathic’; signifi- 
anus; phimosis cance of phimosis—doubtful 
Type II, isolated urethral 
obstruction: 
As above King (1837) M. Spontaneous perforation of bladder in 4 mths. abortion; 
chronic peritonitis 
Freund (1864) two cases M. M. 
Williams and Galabin (1877); M. 
Ballantyne (1893) M. 
as (1894); Porak, Case I M. M. 
al 
Eden nei eee (1913) M. M. Luker—chronic peritonitis 
Magyar (194 M. Patent urachus : 
James and Dovis (1952) M. Neonatal ascites; successful operation 
Miscellaneous cases : f3 ‘ 
Obstruction of both ureters Braxton Hicks (1864) M. Urine present in bladder (significance of ureteric obstruc- 
tion doubtful); urethra not described Be 
Idiopathic enlargement of Moreau (1828) F. Enlargement of bladder and ureters; hydronephrosis: 
urinary tract urethra not described 
M.= Male. F. = Female. S.B.=Stillborn. 
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Fihlo (1949) thus explains his case of atrophy of the 
viscera, on the evidence only of the mother’s 
previous miscarriages. Most cases of ascites in 
which there was no internal examination of the 
foetus have been presumed to be syphilitic (Ricard, 
1932: Brando, 1934) without proof of maternal 
syphilis. 

Peritonitis accompanying congenital syphilis is a 
rare cause of ascites. No convincing report of 
syphilis with intra-uterine peritonitis has been given 
since that of Apert (1895). Cruickshank (1930) 
reports the finding in dead syphilitic infants of 
visceral fibrosis, not ascites. 


Other Causes. No example has been found of 
the association of polycystic kidneys and pure 
ascites. In one case (Hunter, Case 4) there was 
generalized oedema. 

Chylous ascites is not here under consideration. 
In the remaining 27 cases in this series an identified 
pathological finding together with ascites is described 
in 22 cases. Cirrhosis or peritonitis was present in 
three instances, and a congenital malformation in 19, 
of which 18 showed urinary obstructive lesions. 

There remains one case of isolated imperforation 
of the anus, which may be compared with the three 
female infants having genital abnormalities and 
imperforation, described respectively by Fordyce 
and Dorland, and five cases of obscure origin. 


Aetiology of Ascites not Associated with Urinary 
Obstruction. Various theories have been advanced 
to explain ascites not associated with urinary 
obstruction. Dorland lists defects in the circulatory 
apparatus of the foetus, compression of the large 
vessels by abdominal tumours, foetal circulatory 
failure and hypofunction of the urinary apparatus. 

There is no evidence that heart failure causes pure 
ascites. Obstruction of the portal circulation by a 
tumour or congenital defect has not been incrimi- 
nated recently. Hunter (1932) in his Case 3 describes 
splenomegaly (a finding previously quoted by 
Fordyce) together with hypoplasia of the splenic and 
portal veins. The infant had generalized oedema. 

Hypofunction of the urinary apparatus is an 
unlikely cause of foetal ascites, since most infants 
having no kidneys appear normal at birth. On 
naked-eye examination, the kidneys in Ellison’s 
foetus were small, and in Pinto Fihlo’s case there 
was ‘atrophy’ of both the renal system and the 
intestines, whether primary or resulting from the 
increased intra-abdominal tension. This ‘atrophy’ of 
Organs may in fact be agenesis. Accumulation of 
fluid in the abdomen or in other affected areas occurs 
in rudimentary foetuses. Alam (1922) reports the 


ASCITES 401 


occurrence of ascites and hydrothorax in a foetus 
having no thoracic, lumbar or sacral vertebrae. 
The diaphragm was present, but the only thoracic 
or abdominal organs were a heart and a loop of gut. 

Finally, localized circulatory embarrassment may 
be the cause of the intra-uterine ascites in cases of 
intestinal obstruction and imperforate anus. 

Thus, on the present evidence, foetal ascites in the 
absence of urinary obstruction occurs in the follow- 
ing rare conditions: cirrhosis, foetal peritonitis of 
unknown aetiology, agenesis of intra-abdominal 
organs, and imperforation of the anus. 


Ascites and Urinary Tract Obstruction. Dilatation 
of the urinary passages was found in 18 cases, and 
in 17 of these an obstructive lesion is described. 
Amongst these, there is one case in which the 
pathological lesion seems inconclusive. Braxton 
Hicks (1864) believed that in his case hydronephrosis 
was due to bilateral ureteric occlusion, but there 
was urine in the bladder, and the urethra was 
apparently not examined. Ureteric obstruction was 
simulated in my own two cases, probably owing to 
the contracted state of the hypertrophied bladder. 
One wonders if the true lesion in the case of Braxton 
Hicks was a urethral valve. 

In one female foetus (Moreau, 1828) ascites and 
general dilatation of the urinary tract without 
demonstrable obstruction were found. A similar 
urinary condition in the female foetus, but without 
ascites, has been described by Rayner (1892) and by 
Couvelaire (1900). More recent evidence is required 
before accepting idiopathic dilatation of the urinary 
tract as a cause of foetal ascites in either sex. 

Obstruction of the urethra is recorded in 16 cases. 
In five of these (which may be classed as type I) 
there was imperforation of the anus, associated 
usually with atresia of the urethra, but in one case 
with phimosis. The rectum terminated in a cul-de- 
sac behind the giant bladder, or persistent urogenital 
sinus. In two of these cases there was a persistent 
cloaca, the rectum communicating by a narrow 
opening with the giant bladder. Hydronephrosis 
was usually gross, although occasionally unilateral. 
The volume of fluid in the bladder was much greater 
than the amount of ascitic fluid. In fact, in many 
cases of this malformation, in which no mention is 
made of ascites, the size of the foetal abdomen is 
entirely due to the enlargement of the bladder, as in 
Cruickshank’s case (1921), and others collected by 
Spicer (1908). Where imperforation of the urethra 
and anus coexist the malformation is complex and 
the prognosis usually hopeless. 

Ascites and isolated urethral obstruction occurred 
in 11 cases, all male. These may be termed type II. 
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In King’s case, a four months’ abortion, spontaneous 
perforation of the bladder had occurred. Chronic 
peritonitis was found in this case, and in the case of 
Luker. Mega-ureters and hydronephrosis were 
common but not constant. Thus Eden (1903) found 
normal ureters and kidneys, and Luker (1913) found 
mega-ureters but normal kidneys. The sites of the 
urethral strictures are not well described, being at 
the neck of the bladder in Galabin’s case and in the 
pars membranacea in the cases of King and Magyar. 
The prostate was absent in the case of Mueller. A 
urethral valve was described by Porak in 1895. 

Most of the cases were of stillborn foetuses. They 
were published on account of the grossness of the 
abdominal distension and the difficulty experienced 
in delivery. They may therefore give an excessively 
gloomy picture of the prognosis. One case only was 
published for its paediatric interest (James and 
Davis, 1952). This baby suddenly developed ascites 
when 3 weeks old. Paracentesis was performed, 
followed by treatment for an obstruction of the 
posterior urethra. At 8 months there were no signs 
of urethral obstruction or renal inadequacy, and 
only slight dilatation of the renal pelves. 


Origin of Ascites in Urinary Tract Obstruction. 
The belief of Fordyce and others that the enlarge- 
ment of the bladder was secondary to chronic 
peritonitis cannot be upheld. Signs of peritonitis are 
often wanting, and when present may be secondary 
to the ascites. 

As stated above, there is no evidence that hypo- 
function of the damaged kidneys causes foetal 
ascites, while pressure on the great vessels by the 
distended bladder is an improbable cause. 

The relationship of ascites and urinary lesions is 
variable. Urethral imperforation does not neces- 
sarily cause dilatation of the foetal urinary tract 
according to Spicer (1908), who quoted cases in 
which distension of the bladder did not occur until 
more than 24 hours after birth, and the infant 
recovered following operation. Moreover, when 
intra-uterine dilatation of the urinary tract does 
occur, there may be no ascites, as in the case of Hess 
(1938). 

Spicer attempted to explain such findings. The 
foetus he described had a single umbilical artery. 
He suggested that the volume of urine excreted by 
the foetal kidneys was in inverse proportion to the 
efficiency of placental exchange. A combination of 
placental insufficiency and urethral obstruction 
would cause enlargement of the bladder. According 
to this theory, there is hyperfunction of the kidneys. 

However this may be, leakage or exudation of 
urine from the bladder, ureters or kidneys seems to 
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be the most plausible cause of foetal ascites. In my 
own first case and in the case of James and Davis, 
ascites seems to have developed fairly rapidly afte: 
birth. In other cases it has been present in aborted 
foetuses. In many cases, hypertrophy of the bladde: 
was interspersed with areas of thinning, and in some 
including my own, the kidneys contained thin 
walled cysts. Ascites may well be determined by the 
tension of the fluid in the urinary tract, the amount 
of fluid exuding being in excess of what can be 
absorbed through the peritoneum. The dilute urine 
of foetal life might leak for a prolonged period 
without causing an inflammatory peritoneal re- 
action. 

The writers quoted by Fordyce (1894) and other 
old writers found either absent or minimal urea in 
the fluid both from the dilated bladders and from 
the peritoneum. Modern quantitative biochemical 
analysis would be interesting. 

McCance and Widdowson (1953) have shown that 
the urine formed by the foetus in the earlier stages 
of gestation has probably the same characteristics 
as that formed just before term and passed at 
delivery. This is a hypotonic fluid with a very low 
urea content, a low concentration of chloride and 
sodium, and minimal phosphorus. Compared with 
the cord blood, the urine:plasma ratios of urea, 
chloride and sodium of normal infants averaged 
respectively 5, 0-39 and 0-32. The urea content of 
the urine averaged 17 m.mol. per litre, or approxi- 
mately 0-1 g. per 100 ml. compared with the usual 
adult figure of 2 g. per 100 ml. The foetal urine 
contained more sodium than chloride. 

It follows that if the abdominal cavity of a new- 
born infant contained unmodified foetal urine, one 
would expect a hypotonic fluid containing about five 
times as much urea per 100 ml. as the infant’s blood. 

Unlike the ascitic fluid of the cirrhotic adult 
(Bodansky and Bodansky, 1940) the baby’s peri- 
toneal fluid might contain more sodium than 
chloride. However, such a fluid would be in contact 
with the mesenteric blood supply and one would 
expect equilibration with the extracellular fluids to 
result, which would considerably modify the 
chemical constitution. 

The most rapidly developing ascites appears to be 
that which occurs during extra-uterine life in an 
infant with urethral obstruction, but here, too, even 
though the fluid was originally urine, equilibration 
would probably be so rapid that the fluid examined 
would tend to have the composition of extracellular 
fluid rather than of foetal urine. 

Analysis of the ascitic fluid from cases of foetal 
and infantile ascites would therefore be interesting 
but probably not diagnostic. 
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Summary 

Foetal and neonatal ascites is usually ascribed in 
textbooks of paediatrics to congenital syphilis. 
This has in fact become a rare cause of the con- 
dition. 

Two cases are here reported of ascites associated 
with obstructive lesions of the lower urinary tract. 
Both patients were male, one being 5 weeks old when 
the diagnosis was made, and the second newborn. 
The diagnosis was suspected in the second patient, 
but unfortunately he died of atelectasis before the 
ascites could be relieved. 

A study of the literature shows that ascites may 
occur in cases of cirrhosis, foetal peritonitis, agenesis 
of intra-abdominal organs and imperforation of the 
anus. Congenital obstruction of the urethra is the 
most common cause of foetal and neonatal ascites. 
Two main types occur. In the first there is an 
associated malformation of the anus, and the 
urinary tract abnormality is gross and the prognosis 
poor. In the second, and apparently commoner 
type, there is an isolated urethral obstruction in the 
male, and prompt surgical treatment may be effec- 
tive. Success in one such case has been reported. 
Once suspected, the diagnosis is easy to establish, 
and it is important that this cause of foetal ascites 
should be recognized. 


| wish to thank Mr. P. Brown, Professor J. McClure 
Brown and Professor A. A. Moncrieff for permission to 
publish the cases, and I am grateful to Professor R. A. 
McCance and Miss E. M. Widdowson for giving me 
access to the work on the composition of foetal urine. 
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URTICARIA NEONATORUM (ERYTHEMA TOXICUM 
NEONATORUM) 


BY 
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From the Paediatric Unit, Hillingdon Hospital, Middlesex 


(RECEIVED FOR PUBLICATION MAY 4, 1953) 


A transient, urticaria-like rash in the first few 
days of the neonatal period is common and is 
familiar to the midwife as a trivial ‘heat-rash’. 
Smellie (1752) described the condition in these 
words: 


‘The body of the child is sometimes covered all 
over with little red spots, called the red gum, and com- 
monly proceeding from the costiveness of the child, 
when the Meconium hath not been sufficiently 
purged off at first.” He later (1764) mentioned one 
of his cases, ‘A child, about three days after delivery, 
struck out all over the body with small red eruptions; 
which in London the nurses call the red-gum; but 
in Scotland is termed the hives.’ 


Several references can be found in medical books 
of the early nineteenth century. For example, 
Dewees (1826) wrote the following account of 
Strophulus Intertinctus, or Red Gum: 


‘This complaint is confined to early infancy, and 
especially to ‘“‘the month’’, as it is called. Very few 
children escape this complaint; and most nurses are 
fond of seeing it—so much so indeed, and so 
inevitable and useful do they consider its presence, 
that should any indisposition befall the child, and 
this eruption not have possession of the skin, it is 
at once attributed to the absence of the gum. With 
a view then to invite its appearance, the child is kept 
unusually warm, and some stimulating tea is given 
it, such as of sweet marjoram, saffron, catmint, etc., 
and after having been thus disciplined for a longer 
or shorter period, the poor child is but too frequently 
loaded with a heavy crop of ‘‘Red Gum’’. This 
eruption, however, seems connected in some way or 
other with a derangement of the stomach and bowels 

This disease, under ordinary circumstances, 
requires little or no medical treatment.’ 


Evanson and Maunsell (1836) stated: 


‘Almost every infant is affected three or four days 
after birth, with an eruption of papulae. ... In 
its ordinary form this consists of a few red pimples, 
appearing in greatest number upon the face, neck, 
and hands, and interspersed with diffused red 
patches. The ordinary red gum of infancy can 
scarcely be called a disease. It arises, probably, from 
the slight irritation attendant upon the new circum- 
stances under which the skin and mucous membranes 
are placed.’ 


According to Hardaway (1889), this rash had been 
termed ‘erythema papulosum of the new-born, or 
erythema neonatorum’. He noted that its occurrence 
had occasionally given rise to much confusion in 
diagnosis, that the mucous membranes were un- 
affected, and that there was no evidence of systemic 
reaction. 

To the same condition, Leiner (1912) gave the 
name ‘erythema neonatorum toxicum’. He differ- 
entiated a simple erythematous type and a papular 
type, providing a comprehensive clinical description 
of each. In an important paper Mayerhofer and 
Lypolt-Krajnovié (1927) described the rash as 
occurring in 46% of 1,115 newborn infants and 
noted that it appeared in the first four days of life 
in 96% of those affected. Salomonsen (1952) 
referred to the rash as ‘allergic exanthem’. 

The purpose of this paper is to draw attention to 
some features of the condition which have interested 
us, and to encourage further investigation into its 
cause. The following clinical observations are based 
on a series of cases of urticaria neonatorum seen by 
us in the Maternity Unit of this hospital over the 
two and a half-year period from August 15, 1950, 
to February 15, 1953. 


Clinical Features 

Urticaria neonatorum is seen in two forms: (1) a 
simple type and (2) a pustular type. In the words of 
Leiner, ‘both these types may appear simultaneously 
in the same individual or they may appear separ- 
ately. But one finds almost regularly the transition 
from one type to the other.’ 

As a rule the affected babies are otherwise healthy 
with no constitutional disturbance, such as fever or 
gastro-intestinal upset. Itching of the skin, indicated 
by fretfulness, is not evident. A moderate eosino- 
philia in the peripheral blood is often found. 

The Simple Type. This type of urticaria neo- 
natorum consists of small, blotchy, ill-defined areas 
of bright erythema, which may vary considerably in 
size. In the centre of each lesion is a white or yellow 
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Fic. 1.—Typical non-infected pustular urticaria neonatorum affecting 
the axilla of an infant aged 3 days. (Reproduced by permission of the 
Editor, British Medical Journal.) 


wheal, best seen by stretching the surrounding skin. 
These wheals can be easily felt on running a finger 
lightly over the affected areas: they are seldom 
much larger than 2-3 mm. in diameter, and never 
attain the size found in the urticaria of older 
children. 

The urticarial lesions are scattered irregularly over 
the body. Especially liable to be affected are the 
back, the buttocks and the extensor aspects of the 
arms. There may be fewer than half a dozen lesions 
in all at one time, or large confluent areas may 
occur, giving the skin a granular surface. The whole 
character of the rash may alter, even in a few hours. 
In all instances the rash fades rapidly over 24 hours, 
so that, usually when 48 hours have elapsed, there 
is little to be seen. Once the condition has cleared, 
recurrences are not seen as a rule while the infant 
remains in hospital. In one of our cases there was 
a recurrence of the rash, coinciding with the begin- 
ning of complementary feeding at the age of 7 days. 

The Pustular Type. In some cases a varying 
number of the simple lesions develop rapidly into 
white or yellow ‘pustules’, owing to the intense local 
outpouring of eosinophil leucocytes in the centre of 
each lesion. We have so far encountered a clear 


Fic. 2.—Staphylococcal pyodermia, for comparison, affecting the 
axilla of an infant aged 3 days. 


vesicular stage in the evolution of the rash in only 
two instances. Each pustule is often surrounded by 
only a very narrow red base, but there may be no 
local skin reaction at all. Unless secondarily in- 
fected, these lesions never progress to the bullous 
formation often seen in staphylococcal pyodermia 
(Fig. 2). 

Tending to develop in lesions in the body flexures, 
these pustules are found most frequently in the skin 
folds at both sides of the neck. Other favourite sites 
are the scalp around the ears, the axillae (Fig. 1) 
and the flexor aspect of the elbows. The pustular 
lesions may become very profuse, but many cases 
never show more than a few. Typical simple urti- 
caria neonatorum lesions can usually be found 
elsewhere on the body. 

Medical advice is usually sought when the rash 
assumes a frankly pustular appearance, but fortu- 
nately the eosinophil pustules rapidly dry up within 
one or two days without treatment, leaving small 
crusts which soon fall off. The importance of this 
pustular form of urticaria neonatorum lies in its 
very close resemblance at times to the pustular rash 
of true staphylococcal pyodermia. 

Secondarily Infected Pustular Type. On several 
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Fic. 3.—Pustular urticaria neonatorum, with early secondary 
infection, in an infant aged 3 days. 


occasions (five cases in the present series) lesions of 
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of all babies, if the mildest forms of the condition 
are included’. During the past three or four yeurs, 
our interest in urticaria neonatorum has stimulated 
the nursing staff to an increasing awareness of its 
occurrence. We have no information as to its 
frequency in domiciliary practice. 

A total of 4,917 infants were born in the Unit 
during the period of observation: many mild 
examples of the simple type of urticaria neonatorum 
were encountered: 25 cases of the pustular type were 
seen. 

Urticaria neonatorum is practically confined to 
the first week of life and is first noticed by the mid- 
wife most frequently at the age of 2 days. Among 
our 25 cases of the pustular type, the age of onset 
was 2 days in 11, while 23 (92 °%) of the cases occurred 
within the first four days of life. This contrasts 
sharply with staphylococcal pyodermia, which is 
very uncommon during the first three days of life 
and, in our experience, is encountered most frequently 
at the age of 5 days (Fig. 4). 

All our cases have been entirely breast-fed at the 
first onset of the rash. There did not appear to be 
any particular seasonal incidence. In three of our 
cases of urticaria neonatorum there was a histor) 
of one or more siblings being similarly affected in 
the neonatal period. 


Diagnosis 


The diagnosis of simple urticaria neonatorum 
presents no difficulties, the central wheal in each 
lesion being the diagnostic feature. The wheals can 





pustular urticaria neon- 
atorum have later become 124 
secondarily infected by wd 
coagulase-positive staphylo- 

cocci, often in association 10~ 
with conjunctivitis, rhinitis 9- 
or omphalitis, due to the NUMBER ®- 
same organism (Fig. 3). 

When this occurs the lesions OF ie 
persist longer and tend to CASES. e- 


increase in size. It is of s4 
interest that many lesions 
may become infected at 
once. 





44 


Incidence os 


The disorder is probably ' 
exceedingly common. In- 
deed, Salomonsen (1952) 
referring to all types, stated 











PUSTULAR ERYTHEMA TOXICUM. 
STAPHYLOCOCCAL PYODERMIA. 
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that allergic exanthem 
occurs ‘on the third or 
fourth day in about 50% 


Fic. 4.—Table showing age at first presentation of the rash in 25 consecutive cases of pustular 
urticaria neonatorum and in 18 consecutive cases of staphylococcal pyodermia seen during the 


same period. 
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URTICARIA NEONATORUM 


best be demonstrated by putting the skin of the 
affected area on the stretch. 

In the pustular type the diagnosis is not always 
easy. The resemblance to a primary staphylococcal 
skin infection has already been mentioned, and 
there is no doubt that in the past we have errone- 
ously treated with antibiotics several cases of 
pustular urticaria neonatorum. 

A pustular rash in the neonatal period may be 
due to three conditions. In order of frequency 
during the first week of life, these are: (1) pustular 
urticaria neonatorum, (2) staphylococcal pyodermia 
and (3) secondarily infected pustular urticaria 
neonatorum. The differential diagnosis is of more 
than academic interest, as it affects such questions 
as specific treatment and the need for isolation. 

In pustular urticaria neonatorum, careful search 
will frequently reveal the presence of typical urti- 
carial lesions elsewhere on the body. The rash is 
most common at the age of 2 or 3 days, at a time 
when staphylococcal infections are rare. After the 
age of 7 days a pustular rash is very rarely 
due to urticaria neonatorum. On clinical grounds, 
therefore, it is often possible to make a correct 
diagnosis. 

In a doubtful case, by far the quickest method of 
diagnosis (Finlay and Bound, 1952) is to prepare 
smears from the expressed contents of one of the 
pustules after puncture by a sterile needle. These 
smears should be spread thickly and gently, other- 
wise wholesale fragmentation of leucocytes will 
occur. This cellular fragility is especially seen if 
eosinophilic lesions are already in the process of 
resolving. It is wise to make two smears in each 
case. 

One of the smears is stained by Leishman’s 
method. In the true pustular urticaria neonatorum 
a striking mass of eosinophil leucocytes, forming 
the major part of the cellular response, can be seen 
microscopically (Fig. 5). In the case of a ‘primary’ 
staphylococcal pyodermia, such a smear is entirely 
comprised of neutrophil leucocytes in varying stages 
of degeneration, while organisms can frequently be 
seen even in the Leishman film. 

Sometimes, however, a mixed picture is seen 
Owing to an eosinophilic lesion having been second- 
arily invaded by staphylococci. In these, neutrophil 
leucocytes predominate, but eosinophil leucocytes 
are still seen in considerable numbers. 

When the cellular response indicates the presence 
of infection the second smear can be stained for 
Organisms by Gram’s method, and culture of the 
pus should also be carried out so that appropriate 
sensitivity tests may be done. 
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Fic. 5.—Smear from a case of pustular urticaria neonatorum, stained 
Leishman, showing very numerous eosinophil leucocytes. (x 2,800.) 


Treatment 


Provided there is no secondary staphylococcal 
infection, no treatment is indicated beyond keeping 
the parts dry with sterile powder. Even the applica- 
tion of a calamine lotion is unnecessary, as there 
appears to be no associated itching. Complete 
isolation from other infants is obviated by the correct 
diagnosis. 

If secondary infection is present, antibiotic therapy 
is indicated. 

Aetiology 

Leiner (1912) held the old view that, without 
exception, the condition was associated with dys- 
function of the bowels in the form of dyspepsia, 
occasional vomiting and frequent bowel action, 
hence presumably the name ‘erythema neonatorum 
toxicum’. This has not been our experience, and the 
term ‘urticaria neonatorum’ is much to be preferred. 

The nursing staff are prone to blame over-heating 
as the main cause, while sensitivity to articles of 
clothing is often invoked. Mayerhofer and Lypolt- 
Krajnovic (1927) believed the rash to have numerous 
causes, especially allergy and the transmission of 
‘toxins of pregnancy’ from the mother to the foetus. 
Anderson (1950) mentioned that the disorder had 
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been attributed also to irritation from oil or soap 


used for bathing; and to a hypersensitivity to 
human or cow’s milk or to other allergens. 

Leiner (1912) pointed out that the condition might 
possibly represent the first manifestation of an 
exudative diathesis. Follow-up enquiries have been 
made regarding our 25 cases of pustular urticaria 
neonatorum: three could not be traced and, of the 
remainder, replies were received from 18 mothers. 
It should be noted that none of the children had 
attained a greater age than 23 years by the time of 
the enquiry in February, 1953. In no instance had 
there yet appeared a further individual history of 
asthma. One infant showed eczema at the age of 
5 months. Among near relations, there was an 
allergic history in six families: two showed both 
asthma and hay fever, while the other four gave a 
history of urticaria beyond the neonatal period. 

One of our cases, aged 3 days, showed bilateral 
oedema of the eyelids accompanying the rash, and 
the stools contained mucus with a little blood, 
although no pathogenic organisms were-found on 
culture. Examination of the blood showed an 
eosinophilia. Ephedrine was administered to the 
baby and all signs quickly subsided. 

The common appearance of the rash early in the 
first week of life rules out the introduction of 
artificial feeding as a significant cause. Colostrum 
may be more liable to affect the baby than fully 
established breast milk. We have enquired with little 
success into the possibility that drugs or unusual 
foods taken by the nursing mother might play a 
part. 

In those few cases of pustular urticaria neona- 
torum encountered with secondary staphylococcal 
infection so many lesions become infected at once 
that a blood-borne infection might be suspected. 
It is more likely, in view of the absence of c 
stitutional disturbance, that the thin walls of the 
eosinophilic pustules are readily invaded by local 
spread of staphylococci. 

There is obviously scope for much further 
investigation into the aetiology of this condition. 
Its cause is at present quite obscure. The consistently 
transient nature of the rash suggests either that the 


causative factor is of temporary occurrence or that 
sensitivity to it is rapidly lost. 


Summary 


A clinical description of the urticaria seen in the 
neonatal period, the so-called erythema toxicum 
neonatorum, is given and a short reference to the 
previous literature is included. 

The rash is found in two forms, viz. (1) a simple 
type, and (2) a pustular type. 

Observations are made on a series seen in a 
maternity unit, which included 25 cases of the 
pustular type. The lesions in the pustular type are 
shown to be due to a massive local outpouring of 
eosinophil leucocytes. The resemblance of the 
pustular type of urticaria neonatorum to staphylo- 
coccal pyodermia is stressed and a smear method 
of rapid diagnosis recommended for doubtful cases, 

Occasionally the pustular type becomes secon- 
darily infected. 

Uninfected urticaria neonatorum requires no 
treatment. 

Further investigation is urged into the aetiology 
which is discussed but is at present obscure. 


We are grateful to Professor J. L. Henderson for his 
helpful criticism and advice and to Dr. H. P. Tait for his 
assistance with the earliest references. Dr. Joyce Morgan 
has kindly allowed us full access to the notes of the 
mothers in the Maternity Unit under her care. We wish 
to thank E. Stride, A.I.B.P., for the photographs and 
photomicrograph. 
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AN INVESTIGATION INTO CERTAIN ASPECTS OF 
PERTUSSIS 


BY 


C. W. KESSON and MARIANNE HARLING 


From The Children’s Department, St. George’s Hospital, London, and Division 1 London County Council 


(RECEIVED FOR PUBLICATION APRIL 29, 1953) 


The primary object of the present study, which 
was carried out at the Victoria Hospital for Children, 
Chelsea, was to investigate the incidence and course 
of the pulmonary complications which persist for 
more than two months after the onset of pertussis, 
and to determine whether these effects of whooping 
cough on the lung could be avoided. Pertussis is 
most dangerous in early life and we restricted our 
enquiry to children under the age of 4 years. An 
attempt was made to see each child approximately 
three months after the onset of the illness, for we 
considered that those patients who were likely to 
develop bronchiectasis would be found amongst 
those whose radiographs still showed pulmonary 
collapse at this stage. 

During the course of the investigation we were 
able to study the probable source of infection in our 
patients and also the spread of the disease to 
susceptible children in their household. 


Procedure 


Our patients were those who had been notified as 
suffering from this infection in Chelsea, Fulham and 
South Kensington during the period January | to 
December 31, 1951. 

A letter giving a brief explanation of the project 
was sent to the medical practitioner who had notified 
the case. If he agreed to the child attending the 
hospital for a medical examination he was asked to 
forward a card to the parents which gave an appoint- 
ment for the visit. Some of the patients were referred 
by practitioners as cases of suspected pulmonary 
collapse before our request was received. 

At the first interview the history was recorded and 
the child examined. A chest radiograph in the 
antero-posterior plane was taken and a tuberculin 
jelly test with control was applied to the back. The 
mother was asked to come again with her child a 
week later, and if the radiograph showed any 
abnormality further films were then taken. The 
medical practitioner was notified of the results of 


the examination, and patients requiring further 
attention were observed until recovery was complete. 


Results 


During the year 1951, 357 children under 4 were 
notified as suffering from pertussis in the area in 
which the present investigation was conducted. We 
know of five fatalities. The study refers to 224 
children who attended our clinic. 

In the cases under review 38 (17°) had received 
a complete course of prophylactic inoculations 
against pertussis, 171 (76-3 %%) were given none at all, 
and in 15 (6:7%) the evidence was inadequate for 
any definite conclusions to be reached. 

The patients could be divided into four groups: 
(A) Those who were symptom-free and who showed 
no clinical or radiological abnormality. (B) Those 
who had a cough but who showed no clinical or 
radiological abnormality. (C) Those with a cough 
and clinical evidence of infection in the upper 
respiratory passages but who showed no clinical 
or radiological evidence of pulmonary disease. 
(D) Those with clinical and/or radiological evidence 
of pulmonary disease. 

Table 1 shows that 21-4% of the children were 
symptom free when first examined, 37-1°% had a 
residual cough as the only abnormality, while a 
further 29-0°%% who still suffered from a cough were 
found to have an upper respiratory tract infection 
which was considered adequate in each case to 


TABLE 1 
RESULTS AT INITIAL EXAMINATION 











Clinical Time of Initial Examination after 
Group Onset of Pertussis in Months Total 
2-3 | -4 -5 ~6 

A 7 | 5 9 48 (21:4%) 
B ) a oe 12 5 83 (37-1%) 
c 28 19 9 65 (29-0%) 
D 12 11 3 2 28 (12:5%) 

Total 25 


_ 9 | 6 29 = 224 
(42%) ((33°9%) (12-9%) (11-2%) 
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explain this symptom. Furthermore these children 
showed no clinical or radiological evidence of lung 
involvement. Finally 28 patients (12-5%) showed 
radiological evidence of pulmonary disease. In each 
case this was considered to be collapse of the lung 
due to viscid secretion blocking the bronchial lumen. 
Thirty-six lobes of the lungs were affected. The 
anatomical distribution is shown in Table 2. 


TABLE 2 
ANATOMICAL DISTRIBUTION OF LUNG COLLAPSE 





Lobe Number of Cases 





Right upper lobe 
Left upper lobe .. 
Left lingula : 
Left lower lobe .. 
Right middle lobe 
Right lower lobe 


WOADA—NN 





Only 21 out of the 28 patients showing pulmonary 
collapse could be studied as closely as we had hoped. 
Of the seven defaulters, three moved from the 
district and remained untraced. The remaining four 
were seen two years after the onset of pertussis by 
which time their recovery was complete both clinic- 
ally and radiologically. An analysis of the 21 cases 
shows that in 13 re-aeration occurred within one 
month of the detection of the collapse, in a further 
six within two months, whereas in the other three 
expansion was complete in four, seven and 14 
months respectively. 

In our series pulmonary collapse was usually of 
minor degree and short duration. In only two 
children was admission to hospital considered 
necessary and both of these had superimposed lung 
infection. No case was recognized by us as pro- 
gressing to bronchiectasis. 


Tuberculin Skin Sensitivity 


At the first visit a tuberculin jelly with control was 
applied to the skin of the scapular region of every 
patient. The mother was instructed to remove the 
plaster after an interval of 48 hours and to examine 
the skin the following day and daily until she came 
back to the hospital the following week. She was 
asked to record any changes she had noted. The test 


was finally read at the second visit, on the seventh 
day. Of the 193 patients who complied with this 
procedure, 192 gave a negative reaction to the 
tuberculin jelly. The only positive result was given 
by a child who had been previously vaccinated with 
B.C.G. 


Source of Infection 


Table 3 shows the probable source of infection in 
the 224 cases. This was considered to be known in 
over 60% of the cases. An older child in the house 
was most often responsible. Wherever the primary 
case was known the mother was asked whether she 
thought that a spread to susceptible children could 
have been prevented. From the answers received 
we reached the conclusion that the difficulty of early 
diagnosis in pertussis would render ineffective the 
isolation of cases occurring at home, even if this 
were a practical proposition. It seems certain that 
the only way to eradicate pertussis would be a safe, 
efficient, prophylactic inoculation. 


Spread of Infection in the Home 


In assessing the incidence of infection in children 
in contact with pertussis in their own homes (Table 4) 


TABLE 4 
SPREAD OF INFECTION IN THE HOME 











Susceptible Immune Unknown 
Age (Natural 
Affected | Not affected Infection) 
0-1 12 4 6 4 
—2 23 4 3 4 
-3 30 5 6 10 
4 23 11 9 1 
88 24 24 19 





only those under the age of 12 years were considered. 

Of the 112 susceptible children, 78-6°% were 
affected. This figure is comparable to that given in 
the Medical Research Council Report (1951) where 
it was found that the average attack rate in home 
exposures among non-vaccinated children was 
87:3°%. In only one trial was an attack rate of 
under 75 % of cases reported. 


TABLE 3 
SOURCE OF INFECTION 








Age of Cases Sibling or Relative 
in Years in the Household Playmate Hospital Nursery Total Known Total Unknown 
0-1 25 6 1 2 34 17 
—2 30 6 4 1 41 24 
-3 21 11 9 2 43 16 
-4 10 10 5 . 0 25 24 
86 (384%) 33 (14-7%) 19 (8-5%) 5 (2:2%) 143 (63-8%) 81 (362%) 
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Discussion 

The sole pulmonary complication found to be 
present in this series was that of lung collapse. In 
only two out of the 28 cases showing this condition 
was it possible to make the diagnosis on the physical 
signs. We found that a patient showing clinical 
evidence of generalized bronchitis would, on radio- 
logical examination, prove to have pulmonary 
collapse. Only a routine chest radiograph would 
detect the maximum number of cases of lung collapse 
since two of the patients with radiological evidence 
of collapse were without symptoms or abnormal 
physical signs. 

The differentiation between collapse and con- 
solidation may prove difficult and post-mortem 
studies in cases of pertussis usually show that the 
two processes have been coexistent. To justify a 
diagnosis of lung collapse as opposed to consolida- 
tion certain facts were taken into consideration. 
Some of the radiographs of patients with pulmonary 
disease showed conclusively that the affected area 
of lung had decreased in volume. In others, where a 
small area of lung was involved the absence of the 
general manifestations of infection made one consider 
that the lesions were largely if not entirely due to col- 
lapse. Finally, our patients were seen more than two 
months after the onset of pertussis, and their main- 
tenance of good general health in the intervening 
period suggested that infection had not played a 
significant role. 

It is interesting to compare the lobar distribution 
of the lung collapse with that reported by other 
investigators. Kohn, Schwartz, Greenbaum and 
Daly (1944) surveyed 222 cases of pertussis and 
commented on the frequency with which the right 
middle lobe was involved. Nicholson (1949) in his 
study of 44 patients found the right lower lobe to 
be affected 35 times, the left lower lobe 19 times and 
the right middle lobe 10 times. Lees (1950) reviewing 
150 cases of pertussis found the left lower lobe was 
involved on 43 occasions, the right lower lobe on 31 
and the right middle lobe on eight. These studies 
were all made on children who had been admitted 
to hospitals and are therefore not strictly comparable 
with the present series. 

Laennec (1834) first drew attention to the fact that 
bronchiectasis may follow an attack of pertussis. 
It is at present held that pulmonary collapse is an 
important and perhaps an essential feature in the 
pathogenesis of permanent bronchial dilatation. 
Correlating these views, the early detection of 
pulmonary collapse complicating pertussis, and 
re-aeration of the lung should cause a reduction in 
the number of cases of bronchiectasis. 

Lees (1950) found the highest incidence of lung 


de-aeration occurred at the fourth week of the illness 
and in only a few cases did it persist longer than 
five weeks. Our results confirm that the pulmonary 
collapse occurring in pertussis is usually of short 
duration and spontaneous re-aeration follows within 
a few weeks. Nevertheless we consider it essential 
that this complication of whooping cough be 
recognized, for if the area involved is extensive or 
complicated by infection, or should there be no 
improvement within two or three weeks of its 
demonstration, in-patient treatment is advisable to 
hasten the expansion of the lung. 

In his study of 150 cases of pertussis Lees (1950) 
carried out bronchography in 49 patients but in 
none did he observe permanent bronchial dilatation. 
In our series no case was recognized as progressing 
to bronchiectasis, nor did we consider there to be 
any indication for bronchography. The results 
suggest that the incidence of bronchiectasis following 
pertussis is not as high as is frequently suggested. 

In conclusion, the small number of tuberculin 
reactors in our series is partly explained by the age 
of the children concerned, but is in accord with 
the results we are obtaining at a welfare centre in 
Kensington. The figures do not support the belief 
that pertussis favours the development of tuber- 
culosis. 

Summary 

A review of 224 cases of pertussis showed that 
lung complications occurred in 28 (12:5%). The sole 
complication detected was pulmonary collapse. 

In most children with pulmonary collapse follow- 
ing this infection lung re-expansion was spontaneous 
and complete, usually within two months. 

A chest radiograph should be taken in all young 
children about two to three months after pertussis. 

Prevention of contact with a sufferer is not often 
a practical proposition and will not cause any 
appreciable decrease in the number of those infected, 
nor raise the age incidence of the disease. Safe and 
efficient vaccination seems to be the only solution. 

The incidence of pertussis in children exposed to 
the infection in their own homes was 76-3 %. 

Pertussis does not appear to favour the develop- 
ment of tuberculosis. 


This investigation was made possible by the coopera- 
tion of many local practitioners, Dr. Violet Russell and 
her Staff at Division 1, and the Medical Officer of Health 
and members of L.C.C. Research Committee. 
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SKIN THRUSH IN EARLY INFANCY 


A. HOLZEL 


From the Department of Child Health, University of Manchester, and the Duchess of York Hospital for Babies, 
Manchester 


(RECEIVED FOR PUBLICATION JUNE 1, 1953) 


Thrush is generally regarded as one of the rarer 
infections of the skin of the newborn and young 
infant, but its occurrence is probably more frequent 
than its recognition. The high susceptibility of the 
oral mucosa to Monilia albicans during the early 
weeks of life is well known and it would be surprising 
were it limited to this structure. Invasion of the 
alimentary tract and other internal organs has been 
reported by Ludlam and Henderson (1942) and by 
Lederer and Todd (1949). Pulmonary moniliasis 
has assumed greater significance since the advent 
of antibiotic therapy and has received considerable 
attention during the past few years. 

Nikolowski (1953) recently pointed to the danger 
of generalized moniliasis in adult patients who, 
suffering from a localized mycosis, had for one 
reason or another to undergo treatment with large 
doses of an antibiotic. This danger also exists in 
infancy. Moniliasis of the skin in infants may 
appear sporadically or in small epidemic outbreaks 
in institutions such as maternity nurseries or babies’ 
hospitals. Mayer, Gotz and Seitz (1951) reported 
an epidemic in 40 infants under the age of 5 months 
which presented itself under the picture of erythro- 
dermia desquamativa (Leiner), intertrigo and 
seborrhoeic dermatitis, involving also the scalp. 
The disease started in each case in the anal region 
and spread from there upwards or downwards. Of 
35 babies who were examined bacteriologically, 17 
had Monilia albicans on the skin and in 30 it was 
found in the stools. The incubation period was 
estimated as lasting from 14 to 28 days. 

Moniliasis of the skin in infants is commonly 
accepted as associated with thrush of the oral cavity 
and as arising in the perianal area whence it spreads 
to other parts of the body. The faeces are regarded 
as the usual source of infection. 

The primary lesion often appears as a small, flat, 
brownish-red papule without any inflammatory 
reaction in the surrounding skin. Later desquama- 
tion occurs on the surface of the papule and at its 
periphery, so that the lesion is surrounded by a 


characteristically rolled-in epithelial border. An 
alternative early manifestation is a small vesicle, 
which ruptures after a short time, the epithelium 
again forming the typical border which surrounds 
an erythematous area denuded of its epithelial 
covering. When several of these foci merge larger 
areas of the skin may be involved and present a 
typical clinical picture. Difficulty, however, may 
arise if the infection is superimposed on other skin 
manifestations not primarily related to the Monilia 
albicans infection. 

During the past year we had opportunity to 
observe 11 cases of skin thrush in young infants, 
four of which were noticed practically simul- 
taneously in a minor outbreak in a unit for prema- 
ture infants, one premature infant was admitted 
from a maternity unit with an extensive rash at the 
age of 4 weeks, and six others were seen at different 
times in a clinic for well babies. These cases differ 
in a number of features from the description 
encountered in the paediatric literature and seem 
to warrant special discussion. 


Case Reports 


Case 1. St. McH., the first of twins (birth weight 
3 Ib. 12 0z.), was admitted to the unit for premature 
infants two and three-quarters hours after delivery. On 
examination nothing abnormal was noted. The baby 
progressed satisfactorily. On the seventeenth day a small 
raised area of reddish induration was seen at the lower 
edge of the umbilicus and a few smaller papules of 3 to 
4 mm. diameter were found in the suprapubic area. The 
rash was regarded as a coccal infection and 250,000 units 
of penicillin were given intramuscularly. During the 
following five days the number of reddish brown papules 
grew; the ones already present had increased up to a 
diameter of 15 mm. Desquamation around the edge 
and on the surface of the papules had started and a 
number of them had merged forming a raised red area 
of map-like configuration surrounding the umbilicus; 
further nodules had appeared on the penis, thigh and 
both groins. An area of dusky red induration desquamat- 
ing at the edge had involved the whole circumference of 
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the prepuce (Fig. 1). The scrotum and perianal region 
were free from the eruption. The clinical diagnosis of 
skin thrush was made and confirmed by examination 
of skin scrapings and culture. No thrush of the oral 
mucosa could be found and repeated cultures of the 
faeces did not reveal monilia. Local treatment with 
1°4 aqueous solution of gentian violet was carried out 
and cleared the infection within three days. An interest- 
ing feature was that the areas of healed thrush lesion 
did not stain with gentian violet, but the surrounding 
normal skin showed the typical bluish violet discolora- 
tion. 





Fic. 1.—Skin thrush of lower abdominal wall, groins, inner aspect 


of thighs and penis. The lesions show the characteristic peripheral 
desquamation. 


Case 2. L. McH., twin sister of Case 1 (birth weight 
4 lb. 7 oz.) was admitted at the same time as her brother. 
On clinical examination she appeared a normal but small 
infant with some signs of prematurity. On the eighteenth 
day she developed a number of small red papules on the 
skin of the lower part of the abdomen, and, as these were 
thought to be septic, 250,000 units of penicillin were 
administered intramuscularly. During the ensuing few 
days the rash spread to the groin and vulva. The correct 
diagnosis was then made, and confirmed by laboratory 
methods. No thrush of the mouth could be detected nor 
was there any infection of the buttocks noticed. Neither 
vaginal secretion nor faeces contained monilia. The 
eruption cleared after treatment with 1% aqueous solu- 
tion of gentian violet. Nine days later there was a 
recurrence of the skin manifestations but the response 
to reapplication of gentian violet was rapid. The baby’s 
progress had been good throughout. 

Case 3. P.T. (birth weight 2 lb.) was admitted to the 
unit two hours after delivery, and in spite of her low 


weight was relatively active. There was marked oedema. 
The infant was nursed according to established principles 
and seemed to develop satisfactorily. At the age of 
9 weeks, and at the same time as the monilia infection 
occurred in the twins, she showed an eruption of small 
red nodules on the skin of the abdomen and thighs. 
Skin scrapings contained Monilia albicans but faeces 
remained persistently negative. There was no thrush of 
the mouth present. Treatment with gentian violet was 
successful. No penicillin had been given in this case. 

Case 4. P.A. (birth weight 5 Ib. 13 oz.) was admitted 
to the unit at the age of 14 days because of excessive 
initial weight loss, jaundice and anaemia. On admission 
it was found that the baby also had extensive paronychiae 
of both hands. A heavy growth of Staphylococcus aureus, 
only slightly sensitive to penicillin, was obtained from 
the infected fingers. Treatment with large doses of 
penicillin was given for a few days but improvement was 
only temporary and a fortnight after admission the 
paronychiae showed some exacerbation with an accumu- 
lation of pus necessitating incision. A three days’ course 
of penicillin was again prescribed. The infection subsided 
but five days later skin thrush was noticed in the supra- 
pubic area and then spread to the penis and prepuce. 
The monilia infection appeared on the same day as in 
Case 3. 


As the moniliasis of the skin appeared in four 
babies in the course of one week efforts were made 
to trace the source of infection, particularly as only 
the twins shared one large cubicle, the other two 
infants being in separate ones at opposite ends of 
the unit and attended by different nurses during the 
day, but not at night. Utensils, oil, napkins and 
garments worn close to the skin were searched 
unsuccessfully for the presence of monilia, and 
though the origin of the infection remained un- 
detected no further cases occurred. 


Case 5. J.B., one of male twins (birth weight 3 Ib. 
8 oz.), delivered in a large obstetric department, developed 
severe staphylococcal conjunctivitis at the age of 14 days. 
He was given penicillin systemically for several days; at 
the end of this period he developed a rash on both thighs 
and lower abdomen, the anal region and buttocks 
remaining free. There was no moniliasis of the mouth. 
Skin scrapings confirmed the clinical diagnosis. 


Six further cases were observed in the course of a 
year among infants attending a welfare centre. They 
were all under 8 weeks old, four of them showed the 
monilial infection on the skin of the lower abdominal 
wall, the groins and thighs. Two had lesions on the 
buttocks and these had also thrush of the mouth and 
positive cultures from the faeces. None of them had 
received an antibiotic preceding the appearance of 
the skin infection. One case of this group who 
presented an unusual reaction is described in detail. 


Case 6. S.W. (birth weight 7 lb. 10 oz.) had a normal 
delivery. At 3 weeks she had mild intertrigo of the left 
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Fic. 2.—Thrush on the skin of thighs and labia, as well as the 
exanthemiatous moniliid on the remainder of the visible skin. 


axilla but otherwise was doing well. When 5 weeks old 
she was brought to the clinic because of a skin eruption 
on the inner aspect of both thighs and vulva which had 
persisted for at least one week, and an exanthematous 
dusky red rash very similar to a drug rash, involving the 
whole of the trunk and the limbs, which had developed 
on the day preceding her visit. The lesions on the thighs 
were of a papular nature, confluent with desquamating 
edges; the skin of the labia was brownish red, indurated, 
and slightly raised above the level of the normal skin. 
The area of induration showed some flaking on the outer 
edge and terminated abruptly in a distinct line at the 
inner surface (Fig. 2). Skin scrapings contained large 
numbers of moniliae but culture from the faeces was 
negative. After three days’ treatment with 1% aqueous 
solution of gentian violet the infection had completely 
subsided and the erythematous rash faded. The normal 
skin surrounding the thrush lesion was stained blue and 
revealed the exact outline of the healed infection which 
had not taken up the dye. 


In all cases healing seemed to take place by a 
process of progressive desquamation until a normal 
skin surface had re-established itself. 

A convenient way of demonstrating the presence 
of monilia is to obtain scrapings from the edge of 
the lesion, where desquamating epithelium yields 
even to the light touch of the scalpel blade, and to 
deposit the squames obtained on a glass slide, a 
second glass slide then being pressed firmly on the 
first one. By moving the two slides in opposite 
directions, while still under pressure, the larger 
clumps of cells are easily broken up and monilia 
spores and pseudo-mycelia can then be found in a 
Gram stain without difficulty (Fig. 3). This pre- 
liminary investigation is then complemented by 
cultural methods. 

Discussion 


Ibrahim (1911), probably the first to describe 
thrush of the skin in young infants, reported six 


cases, all of which occurred in babies under 1 month 
of age. The lesions found by him were intact or 
ruptured vesicles, localized in the perianal region, 
buttocks, thighs and lower abdomen. Extensive 
oral thrush was noticed in every infant, and culture 
media inoculated with faecal material gave a lush 
growth of the yeast. Infection of the skin through 
monilia excreted in the faeces was therefore regarded 
as the only mode of spread and this idea has since 
then been generally accepted. 

In this series, however, nine of the 11 cases had 
no thrush in the oral cavity, there were no moniliae 
in the faeces and the eruption was limited to the 
lower abdomen, inguinal folds and genitalia with 
omission of the perianal region and buttocks. The 
appearance of skin thrush in four infants within a 
short space of time in one unit, but nursed in 
completely separate rooms, suggests a different mode 
of transmission. 

Ludlam and Henderson (1942) in their study of 
neonatal thrush in the mouth found an incidence 
of 5:2% in full term and 18-5% in premature 
infants. All of a small number of these babies whose 
stools were examined had faecal moniliasis. But in 
spite of the high rate of infection among the newborn 
infants no cases of skin thrush were reported. These 
authors found Monilia albicans in 33 % of the nurses 





Fic. 3.—Monilia demonstrated in skin scrapings (Gram stained) by 
the method described. 
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and in a relatively small number on their fingers. 
There is, therefore, the strong possibility that the 
skin, at least in some of the cases, is infected by a 
nurse’s or mother’s hands. Intertrigo, maceration 
of the very fine and sensitive skin of young infants 
(our cases were all under 2 months of age) as well 
as friction due to a rough napkin are probably 
contributing factors. 

During the small epidemic among the premature 
infants the rapid though localized spread as well as 
the tendency towards recurrence may well have been 
due to the large doses of penicillin they received at 
the onset of the infection. The appearance and 
extension of the monilia manifestations in Case 5 
followed parenteral penicillin administration. 

The inability of the affected skin to retain the 
gentian violet dye, which was so striking in practically 
all cases, is probably due to the prolonged desqua- 
mative process by which healing occurs and by 
which the stained epithelia are constantly shed. 

The occurrence of trichophytides as well as 
moniliids in adults is not unusual and the eruptions, 
which may vary from widespread papular or 
vesicular manifestations to scarlatiniform, morbilli- 
form or erythema multiforme-like rashes, are viewed 
as an expression of sensitization to toxic products 
originating from the primary fungus infection. The 


cyanotic red exanthem observed in Case 6 has to be 
regarded as moniliid and has not, to our knowledge, 
been previously reported in skin moniliasis of 
infancy. 


Summary 


Eleven cases of skin thrush in infants under 
2 months of age are reported, four of which occurred 
as a small epidemic outbreak in a premature unit. 

There was no oral and faecal moniliasis except in 
two of the babies. 

The possible sources of infection and mode of 
spread are discussed. 

A moniliid eruption in a 5-week-old infant is 
described. 


My thanks are due to Professor Wilfrid Gaisford for 
his interest and most helpful criticism, to Dr. R. F. 
Jennison and his staff at St. Mary’s Hospital and Mr. 
A. Payne at the Duchess of York Hospital for their help 
with the laboratory investigations and to Mr. G. Ward 
for the photographs. 
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A HISTORY OF INFANT FEEDING 


PART IV—NINETEENTH CENTURY CONTINUED 


BY 


IAN G. WICKES 


(RECEIVED FOR PUBLICATION JULY 31, 1953) 


Social Conditions in the Nineteenth Century 

The awakening of the social conscience, which had 
received such a great impetus from the observations 
and activities of Coram and Hanway in the preceding 
century, continued to progress and flourish during 
the nineteenth century with consequent benefit to 
the care of infants in general and to their feeding in 
particular. There was ample room for improvement, 
however, as Thomas Bull pointed out when he 
compared and contrasted the appalling social con- 
ditions in Liverpool with healthy Lewisham, which 
was in those days a prosperous and fashionable 
suburb. After Hanway’s time various suggestions 
had been made to raise the standard of infant care 
amongst the poor, and William Buchan had re- 
marked that ‘if it were made the general interest of 
the poor to keep their children alive we should lose 
very few of them’. He proposed the payment of a 
small yearly premium to each poor family for every 
child alive—a foreshadowing of present-day family 
allowances. 

The condition of infants in the workhouses steadily 
improved so that by 1842 the Guardians were 
encouraged to allow a nursing mother to have access 
to her child at all times except when at work, and 
in 1895 the Local Government Board insisted on 
the provision of a separate nursery for children under 
school age which should be dry, suitably furnished 
and well ventilated. Furthermore, the infants were 
to receive regular medical inspection. 

The general well-being of infants outside the 
workhouses likewise improved and the value of 
infant life increased. Nevertheless during the year 
1870 no less than 270 dead infants were found in the 
streets, and in the same year the Infant Life Protec- 
tion Society was founded (Craig, 1946), followed 
two years later by an Act of Parliament which 
considerably tightened up the regulations with 
respect to infants under the age of 1 kept for gain. 
This Act was inspired by the Select Committee’s 
Report to the House of Commons in 1871 on baby 
farming, which still resulted in a mortality of 60%. 


Apart from Armstrong’s Dispensary for the Infant 
Poor, which unfortunately closed in 1781, very little 
medical attention was available for slum babies in 
the early part of the century until John Bunnell 
Davis founded the Universal Dispensary of Black- 
friars in 1816 under the patronage of the Duke of 
Kent. Later the St. Marylebone Dispensary opened 
(1834) with a charge of one half-penny per week for 
all children under the age of 14. Later still the 
voluntary hospitals developed an increasing interest 
in paediatrics and other voluntary bodies were 
formed, such as the Ladies’ Sanitary Reform 
Association which was primarily interested in reduc- 
ing the incidence of summer diarrhoea. 

The two main .obstacles to progress in this 
direction were the general ignorance of slum mothers 
with regard to hygiene and the correct methods of 
artificial feeding, and the appalling lack of standards 
of cleanliness for cow’s milk, particularly in the 
towns. In London, in the middle of the century, 
cows were kept in a truly disgusting condition in 
crowded, ill-ventilated, underground hovels where 
their food and dung were inadequately separated 
and disease was rampant. Furthermore, in order to 
bolster up the naturally very poor yield, the milk 
was watered and chalk was frequently added. Even 
as late as 1895 an analysis of 30 samples of milk 
from working class areas in London revealed that 
24 were ‘sophisticated’, either by removal of the 
cream to a level below 3%, or by dilution, or by 
the addition of boric acid as a preservative (British 
Medical Journal, 1895, 2, 150), and these tests of 
course took no account of the bacterial content of 
the samples. The water supply was also liable to be 
heavily contaminated and this was no doubt 
responsible for many infant deaths, but the situation 
improved when all the companies were amalgamated 
with the formation of the Metropolitan Water Board 
in 1902. A relic of the unsatisfactory state of public 
water is still to be found in all the pamphlets on infant 
feeding in which the giving of boiled water is always 
recommended though this is now quite unnecessary. 
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The growth of the public health movement during 
the century was stimulated by the fear of cholera 
epidemics and by the appalling conditions in the 
city slums, so vividly described in an illiterate style 
in a letter to The Times in 1849 (Shryock, 1936). 
[t is unnecessary to enter into further detail of how 
the prevailing social conditions were gradually 
improved, but it must be emphasized once again 
that it is pointless to follow the progress of the 
history of infant feeding without taking due cogni- 
zance of the background with which contemporary 
workers in the field had to contend. 


Infant Mortality 


The consequences of good or bad methods of 
infant feeding, and to:a less extent of good or bad 
social conditions, are clearly reflected in the infant 
mortality figures which therefore provide a con- 
venient index for the assessment of the whole 
problem. A full account of all the social, economic, 
racial, climatic, medical and many other factors 
which have a bearing on this subject is to be found 
in an article by Seibert (1940) in which he quotes 
Dublin (1915) as saying that ‘beginning with the 
second week of life, infant feeding is clearly the chief 
factor in the mortality’. Hence a brief study of the 
trends in mortality will be made here. 

As we have already seen, the bills of mortality in 
the seventeenth and eighteenth centuries were grossly 
inaccurate but with their assistance Shryock (1936) 
has computed that the average infant mortality in 
England for the decade 1731-40 was 437 per 1,000 
births, falling to 240 for the years 1791-1800, i.e., a 
reduction approaching 50°, corresponding with the 
period of great philanthropic activity. At the 
beginning of the nineteenth century Thomas Bull 
estimated that one infant in five died under the age 
of 1 (200 per 1,000 births), but by the middle of the 
century the figure remained stationary about the 
level of 155 for many years, of which some 47 were 
neonatal deaths. The figure fluctuated from season 
to season, being highest in autumn, and also between 
town and country, but overall progress was slow. 
The illegitimate mortality rate was about twice as 
high and Routh (1863) considered that about 93% 
died in the first three years of life, whereas many 
others were registered as stillbirths. 

By the end of the nineteenth century there was 
€ven a slight increase in the infant mortality rate 
to 163, but thereafter an almost uniform decline up 
to the present day has taken place. Representative 
figures for the past 50 years, expressed as points on 
a curve which smooths out the yearly variations, are 
approximately as follows: 


1900 .. 150 per 1,000 live births 
910. Ci. 105 so 
1920... 85 ee 
1930... 65 * 
1940... 55 

hs 30 


The above figures apply to England and Wales, 
but there have been wide national variations in the 
same general downward trend. Thus in the year 1948 
the figure for Italy was 70 which was approximately 
the level for New Zealand in 1900, the latter having 
now been reduced to the record low level of 22. 
Contrary to expectation, times of national stress, 
and particularly of blockade, have not necessarily 
been accompanied by a rise in infant mortality, and 
this has been attributed to the fact that when food 
in general is scarce, breast feeding comes into its 
own. In Paris during the siege of 1870-71, and in 
Germany during the 1914-18 war, this was so, and 
it was therefore unfair to accuse the Allies of the 
murder of innocent babes by blockade tactics. In 
England in 1940-42, however, a slight rise was 
recorded, which was perhaps the result of over- 
crowding in shelters rather than a direct relation to 
feeding factors. 

The importance of the influence of infant feeding 
regimes on the morbidity and mortality is even more 
clearly demonstrated when comparative figures for 
breast and artificial feeding are examined. Routh 
(1863) quotes the figures obtained from the Chil- 
dren’s Hospital, Manchester, where 1,041 attending 
children were divided into six groups ranging from 
those fed entirely on the breast for nine months to 
two years, down to those entirely hand reared. 
Amongst the former, 62:6% were described as 
‘well developed’ whereas amongst the latter only 
10% were so classified. Out of the total number, 
only 25-3% had been entirely breast fed for six 
months, though only 4:5% were entirely hand reared 
which emphasizes the persistence of the earlier 
custom of giving additional food besides breast milk 
from birth. Routh also carefully examined the 
feeding history of 50 consecutive infant deaths in 
Brighton and found that 10 infants had been entirely 
breast fed, 25 partly breast fed and 15 entirely hand 
reared. Of the former, three infants died from 
pertussis, five from teething and convulsions and 
two from marasmus. Of the latter, one died from 
pertussis, two from overfeeding, three from diarrhoea 
and the remainder from various causes. Routh was 
of the opinion that 34 out of the 50 deaths were due 
to overfeeding or injudicious feeding. 

The high mortality rate of illegitimate babies is, 
of course, mainly due to the high incidence of 
artificial feeding amongst them. In an annotation 
in the Lancet (1878, 2, 341) it was pointed out that 
69% of the deaths of hand-reared, legitimate infants, 
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and 68% of the deaths of hand-reared illegitimate 
infants were attributable to diarrhoea, whereas for 
suckled infants the proportions were respectively 
45 and 43%, but since 63% of the legitimate group 
and only 14% of the illegitimate babies were suckled, 
the much higher mortality of the latter group is 
accounted for. The relative importance of feeding, 
even when other social factors are known to be bad, 
is amply demonstrated. 

Summer diarrhoea accounted for about two- 
thirds of the deaths of all infants and it was therefore 
the major factor in determining the increased 
mortality in towns, in autumn, and in artificially 
fed babies. The mortality rate therefore closely 
followed the bottle-fed incidence in each community 
and it is not surprising to find that in Bavaria where, 
as we have seen, breast feeding was looked upon as 
almost immoral, the infant mortality figure was 
exceptionally high and 96% of the fatal cases of 
diarrhoea were hand fed. 


Wet Nurses in the Nineteenth Century 


It has already been noted how, in England, the 
peak popularity of wet nurses was reached towards 
the end of the eighteenth century and how subse- 
quently their employment slowly but surely declined, 
so that by 1900 they had become almost extinct. 
George Armstrong, in the latter half of the eighteenth 
century, was amongst the first to prefer dry- to 
wet-nursing but nearly 100 years were to pass before 
this point of view was generally accepted, during 
which time the production and elaboration of 
artificial foods was well under way. Thus by 1863 
Routh was able to state that the safety of artificial 
feeding was sufficient to outweigh the moral dis- 
advantages in the employment of a wet nurse, but 
the following characteristic passage from the con- 
temporary pen of Anthony Trollope suggests that 
the aristocracy was not yet converted to the blessings 
of the bottle: 

*“Of course Lady Arabella could not suckle the 
young heir herself. Ladies Arabella never can. 
They are gifted with the powers of being mothers, 
but not nursing-mothers. Nature gives them bosoms 


for show but not for use. So Lady Arabella had a 
wet-nurse.”’ 


Domestic problems must have been frequently 
aggravated by the sudden invasion of the servants’ 
quarters by a female of doubtful morals who was 
at once accorded certain privileges which were 
denied even the oldest family retainers. Routh was 
strongly averse to ‘familiarizing our households with 
the spectacle of vice rewarded’, and he feared lest 
‘the master, mistress and other servants be tainted 
by these fallen women’. 


Writing about the same time as Routh, however, 
both Bull and West fully recounted the classical 
attributes of a good wet nurse, and Graham (1865) 
devoted no less than 33 pages of his book to the 
subject. By 1897, however, Edmund Cautley 
observed that wet nurses were rarely employed in 
England, although in France and Russia they were 
still made use of by the State in foundling hospitals. 
Nevertheless he listed the usual objections to their 
use mainly on moral grounds, drew attention to their 
mercenary outlook, warned against their use of 
opium (sometimes cunningly given by applying the 
drug to the nipple to escape detection), and advised 
a careful assessment of their suitability by a thorough 
medical examination and at least one test feed. 
Graham had believed that the moral qualities of the 
nurse were more important than the physical, but 
this traditional view which had been almost un- 
challenged for at least three thousand years, was 
finally disposed of by Cautley: ‘The popular notion 
that mental and moral qualities of the nurse are 
transmitted through the medium of breast milk is 
absolutely without foundation.’ According to Still 
(1931) this actual problem was debated at Oxford 
as early as 1605 but he did not record the result. 

With the gradual discarding, in medical-circles, of 
the traditional views during the second half of the 
nineteenth century, there arose a more scientific 
interest in the use of wet nurses. There was much 
speculation about the transmission of syphilis 
between nurse and infant, and mother and baby 
(viz. Colles’ Law), and Giinzburg at the Moscow 
Foundling Hospital recorded that he had under his 
care 31 healthy women suckling 120 syphilitic babies 
for a minimum period of six months, yet not one 
had become infected. 

At the Maternité in Paris Budin employed 14 wet 
nurses who suckled their own infants together with 
variable numbers of weaklings depending upon the 
circumstances. At one time the number rose to 50, 
which meant that each nurse was required to provide 
about 40 feeds daily, but this proved too arduous a 
task and it was found that the maximum number of 
feeds should not exceed 34 daily, for above that 
figure both babies and nurses suffered. The daily 
output from each nurse was carefully charted and 
the average yield from each of seven selected nurses 
over a period of about four months amounted to 
about three pints, the maximum almost reaching 
five pints when the demand was heavy. In fact it 
was repeatedly observed that the supply varied 
closely with the demand and that this held good 
even for nurses who had been lactating continuously 
for over a year. Budin checked the quality of the 
nurses’ milk carefully but he did not find any 
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appreciable alteration with prolonged lactation, in 
contrast to the hitherto widely held view that if a 
wet nurse is to be employed the age of her milk 
should closely correspond with the age of the infant 
to be suckled. Even such an eminent physician as 
Cheadle had subscribed to this idea. 

During the twentieth century, even on _ the 
continent, the use of wet nurses has diminished 
almost to vanishing point, largely for social reasons, 
for the supremacy of breast milk is still fully 
recognized. Indeed, to satisfy the demand in the 
changed social circumstances, some centres have 
set up breast milk banks where expressed breast 
milk from several women is pooled and pasteurized 
before distribution. The first was opened in Boston 
in 1910 and the first in London was at Queen 
Charlotte’s Hospital since when several have been 
instituted all over Europe (Mackintosh, 1947). 


The Evolution of Feeding Bottles and Teats 


Feeding bottles are known to have been in use 
since the earliest historical times and very many 
Roman examples in various shapes and sizes have 
been found. These vessels were at one time thought 
to be oil cruses but their frequent discovery in the 
graves of infants led to their correct interpretation. 
The Roman civilization was by no means the only 
ancient one to use them, for specimens have been 
found in France which are believed to date back to 
B.c. 2000 (Lacaille, 1950), and numerous examples 
were found at Jebel Moya in the Nile Basin by the 
Wellcome Research team dated approximately 
B.c. 500 (Addison, 1949), including a cup with a 
long spout found in the grave of twins less than 
3 months old. 

In the Middle Ages the use of perforated cow’s 
horns was probably widespread amongst the 
peasants and there is evidence that this form of 
vessel was still in use in the eighteenth century, 
vide Armstrong’s description of 1767 (p. 158): 


‘The horn made use of for suckling is a small 
polished cow’s horn which will hold about a gill 
and a half. The small end of it is perforated, and has 
a notch round it, to which are fastened two small 
bits of parchment, shaped like the tip of the finger 
of a glove, and sewed together in such a manner, as 
that the food poured into the horn can be sucked 
through between the stitches. This appears to be a 
very simple and ingenious contrivance, and is 
admired by some, who look upon it as a kind of 
artificial nipple; and it might very well be considered 
as such, if we had but the breast milk to convey 
through it. Or if we could discover any food of the 
same thinness with the milk, and as nourishing as it 
is, the horn might still answer. But as a discovery 
of this kind is not to be expected, and the food 
which the child sucks through this artificial nipple 
must be thin, there requires a large quantity of it to 
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nourish the child, and hence its stomach and bowels 
are too much relaxed, whereby it is in danger of 
falling into the watery gripes.’ 


For this reason, Armstrong himself preferred the 
boat or spoon. The danger of watery gripes was, 
of course, dependent upon the unhygienic nature 
of the vessel; the above passage provides a character- 
istic example of the confusion which has existed, 
and still exists, between the dangers of overfeeding 
and injudicious feeding. Similar, though perhaps 
more potent, dangers were inherent in the ‘sucking 
bag’ which was in widespread use in Germany at 
this time. Struve has provided us with this robust 
description of it (1801, p. 271): 


‘One of the most disgusting customs is the sucking 
bag which is given to a child for the double purpose 
of nourishing and composing it. Many a poor 
mother will tear a rag from an old shirt or a clout 
which she has found perhaps in the street and which 
may contain the remains of a venereal contagion: of 
this she makes a small bag, which is filled with bread, 
milk and sugar and then given to the child to suck. 
If the infant happens to drop this rag on the ground 
it is presented again covered with dirt; a number of 
flies settle upon it when the child is alone which but 
the moment before may have quitted a saucer of 
poison.” 


The elaboration of feeding bottles took place in 
the eighteenth century with the fabrication of boat- 
shaped vessels made of china, and with the invention 
of Hugh Smith’s famous pewter ‘bubby-pot’ in 1770. 
His own description from Letter IX of the 1792 
edition reads as follows: 


‘I have contrived a milk pot for my own nursery 
. it appears to my family and to many of my 
patients preferable to those now in use and may 
probably be still further improved . . . This pot is 
somewhat in form like an urn, it contains a little 
more than a quarter of a pint; its handle and spout 
or neck are not unlike those of a coffee-pot except 
that the neck of this arises from the very bottom of 
the pot and is very small. The end of the spout is a 
little raised and forms a roundish knob somewhat 
in appearance like a small heart; this is perforated 
by three or four small holes; a piece of rag is tied 
loosely over it which serves the child to play with 
instead of the nipple, and through which, by the 
infant’s sucking, milk is constantly strained. The 
child is equally satisfied with it as with the breast; 
it never wets him in the least; he is obliged to labour 
for every drop he receives; ... and greatly in 
recommendation of this contrivance the nurses 
confess it is more convenient than a boat, and that 
it saves a deal of trouble in the feeding of an infant; 
which is the greatest security for the parents that 
servants will use it when they themselves are not 
present.’ 


It was not until the nineteenth century that glass 
bottles were first in use, and it was during that 
century that the modern feeding bottle was evolved 
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Fic. 8.—Ancient infant’s feeding bottle. 
Reproduced from S. H. Sadler’s Infant Feeding by Artificial Means 
by kind permission of Messrs. G. Routledge and Kegan Paul Ltd. 





Fic. 9.—Hugh Smith’s 
A photograph from a specimen in the Wellcome Historical Medical 
Museum, reproduced by kind permission of the Director. 


‘bubby-pot’, 1770. 


(Maw’s made their first in 1830). At first these 
bottles tended to be over-elaborate, for example the 
‘biberon’ which was imported from France in the 
year of the Great Exhibition (1851) and which was 
made of glass with a cork nipple and spiral air 
inlet with ivory pins to regulate the flow. Later 
Routh devised a pear-shaped vessel which could be 
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Fic. 10.—Baby feeder described by F. Baldini, 1784. 
Reproduced from History of Paediatrics by Still with the kind permis. 
sion of the Oxford University Press. 
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Fic. 11.—Evolution of the nursing bottle. 
A. Roman baby-feeder: made of clay, before A.D. 500. __B. Pewter 
pap-boat, eighteenth century. C. Pewter pap-boat, covered. D. 


Pewter feeding pot, 1790. E. Pewter feeding bottle with metal nipple 

F, Feeding bottle with chamois nipple, 1830. G. Bottle with long 

siphon tube, 1876. H. Nursing bottle and container, 1886. 

I. Modern equipment. 
Reproduced by kind permission of Dr. Arnold Gesell from Figure 1! 
in his book Feeding Behavior of Infants. 

strapped to the mother’s chest called a ‘mamma’. 

Curiously enough, in France at this time spoon 
feeding, or direct suckling from animals, were more 
in vogue as an alternative to a wet nurse than the 
use of the bottle. There is a note in the Lancet of 
1894 to the effect that a directive had recently been 
circularized there to the medical inspector of baby 
farms banning the use of metal feeding bottles and 
those provided with tubes. In addition nurses were 
forbidden to give solid food to infants under the 
age of 1 unless they could obtain a medical certificate 
to sanction it. 
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HISTORY OF INFANT FEEDING: IV 


in England, the bottle with the long siphon tube 
was popular for many years, and in 1895 they were 
still in regular use in the workhouses (Brit. med. J., 
1895, 2, 159), no doubt because the infant could 
obtain milk from them quite easily without a nurse 
having to hold each child separately. The medical 
profession, however, appreciated the danger of the 
long tube, and Mrs. Sadler recommended in 1896 
that the tube and teat should be kept permanently 
in Condy’s fluid between feeds. The simplest form 
of feeding bottle, of the plain ‘soxhlet’ type, there- 
after became more and more popular but it has the 
disadvantage that the baby sucks against a vacuum 
which the open-ended, boat-shaped bottle over- 
comes. This can, however, be also overcome by 
using a teat with a side valve through which air can 
enter the bottle. 

In the eighteenth century teats were made of linen 
or sponge and the fluid was sucked through the 
stitch holes. Teats made from chamois leather or 
prepared heifer’s teats were gradually introduced 
during the early part of the nineteenth century, and 
in 1848 Bull mentioned both types of teat for use 
with a graduated glass bottle, but if obtainable he 
preferred one made with cork. Heifer’s teats were 
preserved in spirit and used until putrefaction set in; 
Forsyth (1910) mentioned that they had been in use 
within living memory. Rubber teats were first 
introduced in 1856 (Drummond et al., 1940) but at 
first they were often too unyielding and were 
unpopular because of their ‘repulsive taste and 
smell’ (Forsyth), so that we may conclude that their 
universal adoption did not take place until well into 
the twentieth century.. In spite of the general 
acceptance of the rubber teat, it should be clearly 
appreciated that it is a very poor imitation of the 
human nipple. Holes at the apex are either so small 
that the infant swallows air in his efforts to get milk 
or so big that the flow of milk fills his mouth and 
threatens to choke him while he is swallowing. To 
overcome these difficulties, Witkin (1939) has sug- 
gested the use of a knob-shaped teat with a cruciate 
incision over the apex one-eighth of an inch long, 
which can be enlarged if necessary. In this way a 
free flow is delivered only when the child sucks. 
Fredeer (1948) has abandoned the use of the rubber 
teat altogether and instead recommends and 
practises cup feeding from birth for all artificially 
fed infants, thus avoiding later weaning difficulties. 


Artificial Milks and Patent Foods 


Before the nineteenth century the only alternatives 
to breast milk were either animal milks used with 
Or without modifications or else some form of 
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starchy concoction made with bread or flour. The 
first step towards the production of dehydrated 
milks was made by Newton in 1835 (Drummond 
et al., 1940) who patented a process for slowly 
concentrating sweetened cow’s milk into a ‘honey- 
like mass’ which kept ‘fairly well’ in pots. In 1847 
Grimsdale took out a patent for evaporated milk 
made with the use of steam-jacketed pans in a 
partial vacuum, and sold in wax-capped bottles. 
In 1855 he succeeded in drying milk but he had 
difficulty in eliminating thermostable organisms, and 
in preventing sedimentation on_ reconstitution. 
Nevertheless Routh (1863) had high hopes of 
Grimsdale’s ‘patent desiccated milk’. Nestlés pro- 
duced the first condensed milk in ‘tin boxes’ in 1866, 
and later several more firms manufactured similar 
products though the less reputable ones used 
skimmed milk bought cheaply from the butter 
factories. It was found that sweetened condensed 
milk kept better than the unsweetened. 

The roller process for drying milk was first 
instituted on a large scale by the Swedish butter 
factories (Pritchard, 1916), and later unskimmed 
milk was treated in the same way. Shortly after- 
wards the spray-drying process was used in France, 
with the advantage that the shortened period 
of heating reduced the size of the insoluble sediment. 
By 1902 both spray- and roller-dried milks were 
becoming increasingly widely used and _ their 
popularity is now firmly established. This rapid 
development has been a mixed blessing, for now 
over a dozen firms each produce a bewildering 
number of formulae based upon variations in the 
fat, protein and carbohydrate content; one in 
particular now produces no less than 20 different 
dried milk formulae (exclusive of other starchy milk 
foods and complicated sugar preparations) made, 
in many cases, to the specifications of leading 
paediatricians! One of the good things which came 
out of World War II was the need for economy and 
simplicity, and in consequence the Government- 
sponsored, roller-dried National Dried Milk was 
made available to the public at subsidized prices. 
At first only a full cream variety was produced but 
later a half-cream preparation was also found to be 
needed. In England today roller-dried milks are 
most commonly used, with spray-dried and 
evaporated products far behind, but in America the 
reverse is true. 

Parallel with the evolution of dried milks ran the 
development of numerous patent infant foods. 
Professor von Liebig, the famous chemist who laid 
the foundations of our knowledge of proteins and 
the value of nitrogenous foods, devised a formula 
in 1863 for the perfect infant food consisting of 
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cow’s milk, flour, potassium bicarbonate and malt 
which sold for 6d. a quart (Drummond, p. 447). It 
was, however, never well received, and Chambers 
(1876) wrote of it: ‘sensible parents will be content 
to leave the recipe for some coming race who may 
prefer art to nature’. Later numerous farinaceous 
foods became available such as Boaden’s (made 
from barley and wheat flour), Prince of Wales’ Food 
(potato flour), and Plumbe’s (pea, bean and potato 
flour). Later still malted cereals came on to the 
market (e.g. Mellin’s and Horlicks) in which the 
starch is completely hydrolysed, and Savory and 
Moore’s in which hydrolysis is only partial. By 
1883 there were no less than 27 brands of patent 
infant foods available, and it is not surprising that 
doctors and parents alike were confused about the 
particular compositions and relative merits of these 
products, nor was it appreciated that they were all, 
to a greater or less extent, unsuitable for babies 
under 6 months of age. Yet Cautley (1897) recalled 
an infant under 3 months old who had been tried on 
14 different proprietary foods already because of 
failure to thrive. 

It was unfortunately not appreciated that vitamin 
supplements are required if condensed milks and 
starchy foods are used as the sole food for infants 
and this led to a rise in the incidence of scurvy and 
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rickets comparable to that which had occurred at 
the beginning of the seventeenth century. As we 
shall see in the next part, this rise in incidence 
stimulated medical thinkers, especially Gee, Cheadle 
and Barlow, just as Whistler and Glisson had been 
stimulated over 200 years previously. The situation 
was not improved by the fact that, in the popular 
view, starchy foods were ‘light’ (whatever that may 
mean), and the advertisements carried pictures of 
fat, flabby babies as the ideal to be attained while 
the wording accompanying them immorally implied 
that each particular brand was superior to all other 
foods for infants, including, by implication, breast 
milk. 

In recent years the search for artificial substitutes 
for milk has been animated by the desire to produce 
a food suitable for allergic infants (Brodribb, 1944), 
but in some parts of America synthetic milk, which 
was introduced by Gerstenberger in 1915 made from 
animal and vegetable fats (Morse, 1935), has been 
used in recent years for feeding normal babies. 
From time to time the potentialities of soya bean 
flour have been investigated, recently revived in the 
interests of national economy (Mackay, 1940), but 
interest today is directed more towards the encour- 
agement of natural methods of feeding rather than 
to the production of synthetic masterpieces. 





